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This L— of TRaANSAcTIONS is the fourth. issued by the Wecttate 


PREFACE 


_ for 1929 and completes the series for the year. The preceding volumes 


were 


TRANSACTIONS, PETROLEUM DEVELOPMENT AND TECHNOLOGY, 1928-29 
- Transactions, Institutr oF Metazs Division, 1929. 


Transactions, IRon AND Steet Division, 1929. 


. The present volume includes the reports on the activities of the Insti- 
tute throughout the year, together with a complete index to all material 


published in any form. In the index there are direct references to 
abstracts printed in Mininc anp Mertatuurey of all papers as issued. 


_ By use of the index and the abstracts the work of looking up anything 
. published by the Institute in 1929 will be found to be easy. With this 


volume, also, is the List of Members, previously printed each spring, but 
in 1929 held back so that all members might find in one volume, bound 


_for permanent preservation, a complete record for the year. The 


addresses have been corrected up to December, 1929, so far as members 


have supplied the data. 


The technical papers and discussions in this volume cover the related 
groups of metal mining, mining geology, non-ferrous metallurgy and 
non-metallic minerals. Those relating to petroleum, iron and steel, and 
the activities of the Institute of Metals Division appeared in the three 
TRANSACTIONS volumes already printed and distributed. Papers on 
coal, geophysics and milling are held over in expectation that in 1930 
or later enough material on each subject will have accumulated to warrant 
a special volume devoted to each. It will be recalled that volumes on 
Flotation Practice and Geophysical Prospecting were issued in 1928 


and 1929, respectively, before the present plan of TRANSACTIONS volumes 


was adopted. 

~ AJ] TRANSACTIONS volumes are now furnished bound in cloth without 
extra charge. Those who had paid for the former standard binding will 
receive this volume so bound. If sufficient demand exists future volumes 
will also be made available in that form. 

The present volume is being sent without request to all members and 
associates in good standing. In addition each member who had on file a 
request to that effect has received that one of the other TRANSACTIONS 
volumes which related to the subject of chief interest to him. The 
other volumes will be furnished members on request at a cost of $2.50 
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4 PREFACE 


each. Thus each member is entitled to this and one other volume 
bound, without charge. He will be expected to pay the cost of any 
additional volumes. 

Members and associates will continue as heretofore to receive free 
any or all of the unbound Technical Publications, which series includes. 
the larger part of the pamphlets issued each year. These may be asked 
for as a whole, by series, or individually. A notice and an abstract of 
each appears in Minne AND METALLURGY when it is issued. Members 
are free to change at any time their listing for receipt of such publications. 
The special groups recognized in this series are as below: 


A—Metal Mining F—Coal and Coke 
B—Milling and Concentration G—Petroleum Division 
C—lIron and Steel Division H—Non-metallic Minerals 
eno eerroun Meigs, I—Mining Geology 
eduction oO res. ——- es aa ~ 
E—Institute of Metals Division ie Neon ee 
(Founding and Metallography of trial relations) 
Non-ferrous Alloys) I—Geophysical Prospecting 


Minine AND MetTatuurGy will be sent to all members each month, 
as heretofore; by reading it each member can keep in touch with the 
Institute, its meetings, and its publications. By watching the abstracts 
there a member can keep up to date on a wide variety of subjects with a 
minimum of time. 

On page 357 will be found a complete list of pamphlets published 
within the year. In all 3130 unduplicated pages of printed matter 
(exclusive of Mrninc aNnD MrtTatuurGy) have been issued for the use 
of Institute members. Publication absorbs 50 per cent. of the funds of 
the Institute, an expenditure justified by the variety and quality of the 
technical material made available to its members and the profession 
in general. 

H. Foster Bain. 
Secretary. 
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H. 8S. GrismEr 
Custer M. LIncLE 
Evennse McAvLIFFE 


S$. D. Drumick 
T. M. Dopson 


A. C. FrmtpNER 
C. E. LesHer 


W.S. Buavvett 
JoHN CoRRIN 


ANDREWS ALLEN 
Ray W. Arms 
Byron M.’ Brrp 
J. R. CAMPBELL 
G. R. DELAMATER 


Cuarencp E, Asporr 
GrRauHAM BricuT 
Tomas H, Ciacetr 
AuFrRep W. Huessp 


Howarp N. Eavenson 
CHARLES E\NZIAN 
Joun A. GarcrIa 


C. L. Berrien 


J. B. Morrow, Vice-Chairman 


Bituminous Coal Production 


FranK Haas, Chairman 
H. E. Noip 
James W. Pav 
Gurorae §. Ricr 
W. F. Rirrman 
Warren R. ROBERTS 
J. D. Rogers 


Anthracite Coal Production 


CHARLES DORRANCE, Chairman 
G. B. Hapresty 

ALBERT B. JESSUP 

Cuaries G. Morgan 


Evaluation of Coal for Coke Making 


J. R. CaMpBELL, Chairman 
C. A. MuIssNER 
Harrop J. Rose 


Gas and Its Manufacture 


W. H. Fuirweniter, Chairman 
C. F. HrrsHrieip 

Goren A, ORROK 

R. E, RigHTMIRE 


Coal Preparation 


J. B. Morrow, Chairman 
G. W. Evans 
F. A. JoRpAN 
Goren A. ORROK 
BE. R. Ri@HTMIRE 
WARREN R. RoBerts 


II—Mine Ventilation 


A.C. Catuen, Chairman 
E. A. Hovsroon, Vice-Chairman 
H. I. Smiru, Secretary 
G. R. Jackson 
James I’, McCarruy 
W. B. Puank 
FRANK H. PropertT 


Coal Mining 


M. D. Coopnur, Chairman 
Jamps W. Pauu 
Joun J. RuTLEp@n 
Tsomas D. THomas 


Physiological Studies 


R. R. Sayers, Chairman 
W. D. Brennan 
A. J. LANZA 


_ .* The purpose of each Technical Committee is t 
industries in its field, chiefly through obtaining and 


Institute. 


Harowp J. Ross 

D. A. RussELu 

Ceci, W. SMITH 

S. A. Taytor 

F. G. Trron 

Francis R. WADLEIGH 


Epwarkp W. PARKER 
J. B. WaRRINER 


D. A. RussELuL 
E. H. SHRrver 


D. P. Smita 
SamunEi S. WYER 


Humpurey D, Smite 
G. M.S. Tarr 
Howarp J. THomas 
F. R. WaDLEIGH 


Groras S. Ricr 
E. J. Ristept 
GERALD SHERMAN 
Ropert EB. Tatty 


R, Y. WILuiamMs 
C. M. Younae 


J. J. Fores 


o further the development of the special mineral 
discussing papers suitable for publication by the 


Je * 


ay Fa 


- 
>. 
a 
aA 


Witiiam B. Daty 


F. Ernest BRacKETT 
A. B. Kiser 
G. E. Lyman 


CHarRues EINZIAN 
Tuomas G. Frar 


TECHNICAL COMMITTEES 


Metal Mining 


DANIEL Harrineton, Chairman 


Sranty A. Easton 
CxHarues A. MitKn 
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BENJAMIN F, TILLson 


Fan Designs and Ventilation Physics 


A. 8. Ricuarpson, Chairman 
Gerorce E. McELRoy 

L. F. Mirren ~ 

Witu1am A. Rowr 


Mine Ventilation Code 


Aurrep W. Hessz, Chairman 
HK. A. Hotprook 

GroraGr E. McEtroy 
Gerorce 8. Rick 


OLE SINGSTAD 
Water 8. WEEKS. 


Witr1am A. Rowr 
R. Y. WILuiamMs 


IJI—Ground Movement and Subsidence 


Grorce H. ASHLEY 

Louis S. Catrs 

Ei T. ConnER 

W. R. CRANE 

Howarp N. EavENsoN 

E. D. GaRDNER 

Horace REYNOLDS GRAHAM 
Lester E. GRant 

L. C. Graton 

Water Herp 


R. J. Cotony, Chairman 


Epson S. Bastin 
Auan M. BaTEMan 
Pauw BILLINGSLEY 
Joun M. BourwELu 
JoHN STAFFORD BRowN 
H. A. BunHLER 

E. F. BurcHarp 
Epwin J. CoLiins 
G. B. Coriess 
Harotp E. CutvpeRr 
Cc. L. Daxs 


Gerorce 8. Ricz, Chairman 


W. O. Horcuxiss 
WILuiaAM KELLY 

C. B. LAKENAN 
Henry Lovis 

F. W. MacLtennan 
JamMEs MacNauGHTon 
H. G. Moutron 
Txomas H. O’Brien 
Rosert E. PALMER 
Wa.uace FE. Pratt 


IV— Mining Geology 


JosEPH DANIELS 
Epwin E. Etuis 

W. H. Emmons 
Joun W. Fincu 
GrorcE H. GaRREY 
L. C. Graton 
Donne. F. Hewett 
Lotvis D. Huntoon 
CrriL W. KnicHT 
WaLDEMAR LINDGREN 
Aueustus LocKn 


FRANK H. PRoBERT 
FREDERICK W. SPERR 
A. C. Sropparp 
Joun M. Subty 
BENJAMIN F. TILLSON 
H. E. TREIcHLER 

C. E. Van ORSTRAND 
Porr YEATMAN 

C. M. Youne 

L. EK. Youne 


Apert O. Hares, Vice-Chairman 


G. F. LougHuin 
BenJAMIN L. MILLER 
Hues D. Miser 

E. 8. Moors 

Wiipur A. NELSON 

R. A. F. PENRosB, JR. 
HeEInRIcH Riss 

JosrpH T. SINGEWALD, JR. 
WILBER Stout 

Rusx J. WHITE 


V—Geophysical Methods of Prospecting 


D. H. McLaveutuin, Chairman 


Donatp C. Barton, Vice-Chairman 


Henry A. BUEHLER 

E. DEGOLYER 

C. A. HeinanpD 

W. O. Horcuxiss 

W. SpencER HutTcHINSON 


J. J. JAKOSKY 
SHERWIN F. Keviy 
ALFRED C, LANE 
F. W. Les 

ALLEN H. Roars 


F. Leroy Foster, Secretary 
GERALD SHERMAN 

H, DeWirr Smire 

Scorr TurRNER 

Freperic EK. Wricut 


VI—Mining Methods 


FREDERICK W. BrapL3Ey, Chairman 


Advisory Committee 


Grorce A. PacKARD, Chairman 
Frank H. PRoBERT 

WiuuiaM Y. WHSTERVELT 

C. W. WricHt 


W. SeeNcER HuTCHINSON 
Henry Krums 
ARTHUR NoTMAN 


Trans. (1929)—5. 


Porr YEATMAN 
GroreE J. YouNG 


, 


18 


Hursert D. Kynor 


Tuomas H. Cuacett 
FRANK Haas 
Donatp H. McDovueatu 


C. L. BERRIEN 


Cuarence E. Assporr 
R, C. ALLEN 
S. R, Euuiotr 


Staniy A. Easton 
WaLrter FitcH 
P. W. GrorGE 


P. R. BrapDLEy 
J. A. BuRGESS 


W. R. ApPLEBY 
CHARLES JANIN 
H, A. C, JEnIson 


C. L. BERRIEN 
Louis 8. Catrs 
W. B. Daty 


5S. P. Howntt, Chairman 
C. 8S. Hurrrr 
H. J. RaAwILLy 


TECHNICAL COMMITTEES 


Anthracite Coal 


Cuar.es F. Huser, Chairman 
J. B. WaRRINER 


Bituminous Coal 


J. H. Frercuer, Chairman 
M. F. PELtTinRr 
Grorce §. Rice 
H. I. Suite 


Rock Breaking 


ARTHUR NotMaNn, Chairman 
W. V. DeCamp 
E. D. GaRDNER 


Tron 


Dona.p B. GiILuiss, Chairman 
Joun E. Hopes 

Haru EK. HUNNER 

Mack C. Lake 

Emprson D. McNzIL 


Lead and Zine 


P. B. Butier, Chairman 
H. A. Guess 
Rosert §. Lpwis 
James F. McCarruy 


Precious and Rare Metals 


Tuomas H. Leaeert, Chairman 
GerorceE E, Coins 
J. A, FULTON 


Sampling and Estimating 


R. D. LoneygEar, Chairman 
Tra B. JoRALEMON 
Haroup 8. Munron 
Basit Pruscorr 


Copper 


Henry Krups, Chairman 
C. B, LAKENAN 
F. W. Macuennan 
Cuarues A, Mitkp 


Use of Explosives 


J. J. Ruruppes 
R. R. Savers 


. E. Munron, Honorary Cha'rman 


R. Y. WiLiiams 


Samvurt A. TaYLorR 
C. M. Youne 


B. F. Tititson 


W. J. PENHALLEGON 
Francis J. WEBB 
Cari ZAPFFE 


ARTHUR THACHER 
Francis A. THOMSON 
BENJAMIN F, TILLson 


RoBERT GARDINER 
Louis D. Huntroon 


P. D. Witson 
Porn YEATMAN 


W. H. Scuacur 
H, DeWirr Suir 
F. W. Srerr 


THEODORE Marvin, Secretary 


GERALD SHERMAN 
B. F. Trtuson 


VII—Reduction and Refining of Copper 


J. Owen AMBLER 
JoHN F, Austin 
Louis V. BanpErR 
C. H. Benepicr 
FraNK R. Corwin 
Sruart CROASDALRE 
C. V. Drew 

L. Octrvis Howarp 
L. W. Kemp 
WitiiamM KoERNER 


Frepprick Laist, Chairman 


Mito J. Kresci 
C. R. Keze.u 

C. B. LAKENAN 
Ricwarp L. Luoyp 
F. J. Loneworts 
E. R. Marsup 

E. P. Marnnwson 
A. G. McGrercor 
Francis R. Pyne 
0. C. Ratston 


A. H, Ricnharps 

L. D. Rickrrrs 

E. T. SrannarpD 

H. H. Stour 

WILLIAM J. TURNER 
Guorce D. VaNARSDALB 
ARTHUR L. WALKER 
ALBERT FE). WIaGIN 
Cuaruues 8S. WITHERELL 


Hews pees 
W. HarpInes 
L. S: ‘Harner 


oe A. Hersam 
J. G. KircHen 
Micuazt H. KURYLA 
C. B. LAKENAN 
LurHer W. Lennox 
Ropert §. Lewis 
Dorsry A. Lyon 
A. D. Marriorr 
CHARLES W. MERRILL 
Louis D. Mitts 
Epwarp H. Nurrer 
Epwin L. OLIveR 


E. T. SrannarpD 
Grorce W. STaRR 
Water G. Swarr 

ARTHUR F. TaGGart 
ARTHUR THACHER 
Grorcs D. VaNARSDALE 
FRED WARTENWEILER — 
A. J. WEINIG 

ALBERT EB. Wiaain 


IX—Reduction and Refining of Lead and Zinc 


. F. Coucorp, Chairman 
he Douetass ANDERSON 
Joun F. Austin» 

C. W. BapeGLey 
H. BertHiER 
oa S. Brooxs 
Af 


aa ADAM GRINE 


F, E. Piercer, Vice-Chairman 
R. M. Roosnvett 
Francis P. Sinn 
Frank M. Smita 
Witiiam ALLEN SMITH 
Kurt Stock 

Grorces C. STONE 
Orto SussMan 

U. C. Tarinton 
CHarites M. WARNER 
Lextanp E. WEMPLE 
C. Wray 


Care R. Haywarp 
Harowip G. Hixon 
WALTER RENTON INGALLS 
G. E. JoHNsoN 
ARCHIBALD JONES 
Epwarp F. Kern 
FREDERICK LAIST 

W. E. NewNam 
WapswortsH W. Norton 
F. E. Pierce 

H. A. Prosser 

A. L. J. QUENEAU 


X—Rare Metals and Minerals 


Guy C. RmppELL, Chairman 
- Freprerick M, Becker 
Freperic EK. CarTER 
ee Coun G. FINE 
Truman S. FuLLER 
. W. Ginter 


g W. M. Wuiauu, Vice-Chairman 


LL, K. ArmstrRone 
Cuar.es H. Buure, JR, 
¥ J.L.Giutson _ 
Frank C. Hooper 
— A.J, Hoskins 
R. W. Hype 


ARTHUR C,. AvRIL 
F, T. GuckER 
Hueu Happow, JR. 


W. R. Dunn 
S. Warren HaRTWwELL 


H. W. Goutp Donaup M. Lippe, Vice-Chairman 
R. L. Hauterr B. D. SAKLATWALLA 
Kart L, Kirain C. Y. WaNnG 
Groree F, Kunz = W. M. Weicen 
R. B. Moorp ArtHuR E, WELLS 
Gar A. Rous Wiis R. WHITNEY 


q . XI—Non-Metallic Minerals 


OutveR Bow.szs, Chairman 
ArtHUR C, Avrin, Secretary 


General Committee 


Frank P, KnicHT 
Rosert Linton 
G. R. MANSFIELD 
WaLrTerR F. Ponp 
Hoeinrico Ries 


N. C. Rockwoop 
W. iH. Runee 
Huau 8. SprEncr 
Jont H. Warxins 


Crushed Stone, Sand and Gravel 


A. T. GoutpBEeck, Chairman 
M., L. Jacoss J. R. THOENEN 
J. E. Lamar W. M. WEIGEL 
G. F. LouecHuin 
Cement 


J. J. Porter, Chairman 
Hersgrt H. LAveER Joun F, Maqaur 


E. D. Martin 
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H. J. Brown 
W. M. Myers 


F. W. Davis 
W. H. Firce 
C. R. Forsus 


E. A. Hotproox, Chairman 
Max W. Batt 

Epson 8. Bastin 
FREDERICK W. BRADLEY 
A. C. CALLEN 

M. F. CootspaucH 

Staniy A. Easton 
CADWALLADER EVANs, JR. 
Cuar.es H. Futton 


Paut ARMITAGE 
Henry E. Dover 
ALBERT H. Fay 


R. C. ALLEN 
Pavut ARMITAGE 


J. W. FurNEss 
Donnet F. Hewerr 
W. R. INGALLS 

Corne ius F, KeLtuny 


TECHNICAL COMMITTEES 


H. BE. Brooxsy, Chairman 
L. G. Parrerson 
R. E. Tremourevux 


Clay Products 


Groras A. Bos, Chairman 
HowB.is FRECHETTE 
E. L. Messier 


XII—Engineering Education 


H. C. Groree 

W. O. HorcHKiss 
WituraM KELLY 
CuHaruss E, Locke 
Dorssry A. Lron 

E. 8S. Moore 

CuarLes E. NEwron 
JoHN BoNSALL PORTER 


XIII—Accounting Methods 


A. W. StrowGeERr, Chairman 
H. B. FERNALD 
R. V. Norris, JR. 

WakREN A, SINSHEIMER 


XIV—Mine Taxation 


Corne.ius F. Keiiry, Chairman 
Rauvpuw E. Davis 
H. B. FeRNALD 


XV—Production Control 


Groree Oris Smirn, Chairman 
O. E, Krussurna, Secretary 

C. K. Lerrs 

Evaeens McAULIFFE 

H. G. Movurron 

Mark L. Requa 


Frank A. WILDER 


H. E. Notp 
KENNETH SEAVER 


W. B. Prank, Vice-Chairman 
Frank H. PrRoBERT 


Tuomas T. Reap 
Mitnor RoBERTS 
ALLEN H. Rocsrs 
Epwarpb STHIDLE 
Ropert E. Tatty 
J. B. WaRRINER 
L. E. Youne 


C. Minor WELD 
I. H. WENTWORTH 
GrorcE F. Wotrr 


WituraM B. GowER 


- WALTER Woop 


RatpxH M. Roosgverr 


J. E. Spurr 
Scorr TURNER 


INSTITUTE REPRESENTATIVES ON BOARDS 
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INSTITUTE REPRESENTATIVES ON BOARDS 


Artur S. DwicHt 


Sypnry H. Batu 


J. V. N. Dorr 


WitniaM KEeLiy 


GraHaM BRIGHT 


W. Spencer HutTcHINson 


United Engineering Society 


H. A. Guess 
Engineering Societies Library Board 


Joseph BE. Pocus 
Joun H. JANEWAY 


Engineering Foundation Board 
Joun M. Cattow 


Society for Promotion of Engineering Education 


American Standards Association 


E. A. Hotproox 


Alternates—RicHarp L. Ltoyp and HaRLowb HaRDINGE 


Mining Standardization Correlating Committee 
JULIAN D. ConovER 


Division of Engineering and Industrial Research 
National Research Council 


Wiii1am M. Corse 
H. Foster Bain, Ex Officio 


Naval Consulting Board 


WiiuiaAM LAWRENCE SAUNDERS 


F, W. BrapLey 
E. DeGouyeER 


Eve@Eene McAULIFFE 


Wiuitam A. SconucH 


Joun A. Maturws 


Witiiam A. Cowan 


FREDERICK W. BRADLEY 


CHARLES P. BERKEY 
ALEXANDER L. FEILD 
BrenJaMIn L. MILLER 


John Fritz Medal Board of Award 


Samus. A. TayLor 


Joseph A. Holmes Safety Association 


George §. Ricw 


American Association for Advancement of Science 
Washington Award Commission 


American Bureau of Welding 
FRANK N. SpELLER 
National Committee on Wood Utilization 


WarREN R. Roserts 


Advisory Committees, Bureau of Standards 


Ferrous 


‘ Non-ferrous 
Joint Conference Committee of Founder Societies 


Museums of the Peaceful Arts 
Advisory Committee 


Frep W. O’N5iL 
E. W. ParKER 


J. V. N. Dorr 


Grorce C. Stonp 


Gauen H. CLEVENGER 


Auten H. Rogers 


Howarp N. EavENsON 


Joun A. MaTrHews 


BENJAMIN B, THAYER 


Grorcs Oris Smita 


S. W. Bryer 


A. C, Now 


L. W. Sprine 


GEorRGE C. STONE 


H. Foster Bain 


F. F. SHARPLESS 
GrorRGE C. STONE 
ArrHur F, TAGGART 
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EXECUTIVE COMMITTEES OF LOCAL SECTIONS 


Arizona 


Bee Marea wens regen a: a 
3 int, JR., Secretary-Treasurer, Fenner g., Tuscon, zee L 
Ww. V. Dec. Wen Cheivhan as H. W. Aupricu, Vice-Chairman 
W. L. DuMov.Lin C. R. Kuzewu GERALD SHERMAN 


Boston 


Meets first Monday each winter month 


Houtcomss J. Brown, Chairman Donatp H. McLaueuuin, Vice-Chairman 
F. Leroy Foster, Secretary-Treasurer, 
Room 8-219, Mass. Inst. of Tech., Cambridge, Mass. 
Aurrep C, Lan GrorceE A. PacKARD 


Chicago 


Meets each month, September to May, inclusive 


WItrrep Syxus, Chairman C. W. Bowrr, Vice-Chairman 

A. C. Non, Past-Chairman WiiuiaM A. ScHEeucu, Past-Chairman 
J. R. Van Petr, Secretary-Treasurer, 300 West Adams St., Chicago, Ill. 

R. G. BowMan Grorce B. HARRINGTON S. B. TatMacEe 

WALTER CRAFTS WItuiaM E. JEwWELL CHARLES V. WESTON 

R. S. Dean E. T. Lepnum C. C, WHITTIER 

JoHn A, GARCIA G. F. McManon 


Colorado 


E. C. Reysotp, JRr., Chairman J. H, Ropeurs, Vice-Chairman 
Perry N. Moors, Secretary-Treasurer, 1010 U. 8. National Bank Bldg., Denver, Colo. 
R. D. CRAwFrorRD R. H. Gorpon H. A. Stewart 
Columbia 


Holds noon meetings first Friday of each month. Annual meeting first Friday, December 
W.L. Zetaunr, Chairman R. K. Neiuu, Vice-Chairman 
L. K. Arnmsrrona, Secretary-Treasurer, 722 Peyton Bldg., Spokane, Wash. 

F, Cusuine Moors, Past-Chairman A. W. FaAHRENWALD 


El Paso Metals 


Davip Coun, Chairman J. M. Sutty, 


J. G. Barry Vice-Chairman 


B. L. Farrar 


Joplin—Miami 


C. N. Anpprson, Chairman Grorae W. Fow ter, Vice-Chairman 
. D. Harsaven, Secretary, Box 95, Miami, Okla. 


I. L, Box, Treasurer, Cons. Lead & Zine Co., Picher, Okla. 
P. B. BurLer : 


A C. F. Dice 
Cari K, CARMEAN 3 W. F. NerzEeBanp 


Lehigh Valley 


E. H. Bunce, Chairman N : , 
flat 0 q OEL CUNNI - 
W. B. Puank, Vice-Chairman NauaM, Vice-Chairman 


heed ice- Y 
H. Heper Parker, Manager Morris, Vice-Chairman 


Vee M. ied Beer ry DOs 9, Palmerton, Pa. 
»H. Frerz, Treasurer, Lehigh University, Bethleh Pa. 
A. E. Haut, Manager W.S. Bouriuimr, Manager: po: ey ee Witmer, Manager 


_F.S8. Coox, Chairman 


| H. M. CHance Luiorp T. Emory 


Minnesota 


a 
airman ; a I. Peart, Vice-Chairman 


Hunne 
D. Coopz! pen ana C. J. Carvin, Vice-Chairman 


E. Arxins, Seoretary-Treasurer, Alworth Bldg., Duluth, Minn. 


Montana 


P. F. Bravpin, a -Ch 
NDER Mt pioDoNnaTe, Sec. -Treas., Aeheonda Copper Mining Co., Butte, M. ie 
1 - RUSSEL 


. 


Nevada 


J. C. Jonus, Vice-Chairman 

Henry M. pee conneerrre Reno National Bank Bldg., Reno, Nev. 
H. Grercueiu Wa ter 8. LarsH Epmunp 8. Lnavpr 
ArtTHuUR H. LawRry Ort F. HEIZER © 


New York 


‘ Holds monthly. meetings, except June, July and August 
PH N. RoosevEett, Chairman Pau D. Merica, Vice-Chairman 
D H. Kay, foe aie A. B, Parsons, Treasurer. 
F, Srropg., Secretary, igs aa 233 Broadway,. New York, N. Y. 
WItuiaM F. Sie J. Quenzau = Epwarp H. Rosin 


North Pacific 


econen Watkin Evans, Chairman R. Corny, Vice-Chairman 
Cuester F. Lex, Secretary-Treasurer, 602 Colman Block, OR Wash, 


- THomas Davis B. H. Bennurts 


Ohio 
FRANKLIN B. Ricwarps, Chairman 
H. M. Bovisron, Vice-Chairman vena Vice-Chairman 


Siwnny K. Rem, Secretary-Treasurer, 1208 Hanna Bldg., Cleveland, Ohi 
Harry E. Notp — Cc. Rees tens RoBinson 


Oregon 


FRANK WHALLEY WATSON, Vice-Chairman 
J. H. Barcureuier, Secretary-Treasurer, 963 Adams St., Corvallis Ore. 
Apert BuRCH ~ W. W. Etmar 


Pennsylvania Anthracite 


Cuartes F. Huser, Acting Chairman W. J. Ricnarps, Vice-Chairman 

J. B. WaRRINER, Vice-Chairman , W. W. Inawis, Vice-Chairman 
Pau STERLING, Secretary-Treasurer, Lehigh Valley Coal Co., Wilkes-Barre, Pa 

CHARLES DORRANCE G. ES oe : JoHn M,. HumpHrRey 

A. ESSUP 


Philadelphia 


ny F. Lynwoop GaRRison, First Vice-Chairman 
oem ened IR: Chosemen . M. Cuance, Second Vice-Chairman 
Lovurs C. Maperra, III., “Secretary-Treasurer, 260 South Broad 8t., jratanelphis, a Fifi ate 


§. E. Farrcuixp, JR, A. A, STEVENSON 


G. H. CLaMER L. H. Taytor, JR. 


Henry 8. DRINKER W. C. NEILSON 


f ‘ - 


yeu e-e ep < ao 
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Pittsburgh 


Wiuram Arcniz WELDIN, Chairman 
M. W. von BEeRNEWITZ, das ses 2° U. §. Bureau of Mines, 4800 Forbes St., Pittsburgh, Pa. 
WiuuiaM L, ArrELDER H. N. Eavenson T. M. GirpLEeR 
R. E. Davis Epwin 8. Fickes Joun G. RYAN 


San Francisco 
Meets second Tuesday of each month 


E. A. Hersam, Chairman R. G. Hatuu, Vice-Chairman 
James G. PaRMELER, Secretary-Treasurer, 1022 Crocker Bldg., San Francisco, Cal. 
Groren D. Bioop L. H. DuscHak - 


Southern California 


GLENN D. Rosertrson, Chairman ArtTuur B. MENEFEER, Vice-Chairman 
Van Court WarREN, Secretary-Treasurer, 812 Subway Terminal Bldg., Los Angeles, Cal. { 

H. Norton JoHNSON F. L. Ransome 

Rosert R. Boyp Harry J. Morcan 


Southern West Virginia and Northeastern Kentucky 


J. K. ANppRsOoN, Chairman 
Cuarues E. Kress, Secretary-Treasurer, 2307 Washington St., Chalet West Va. 


St. Louis 


Caru Stireu, Chairman Cuar.es L. Daxn, Vice-Chairman 
ALFRED C, CaLLen, Vice-Chairman Joun T. Fuuuer, Vice-Chairman 
Water E. McCourt, Secretary-Treasurer, Washington Univ., St. Louis, Mo. 
H. E. Burexter, Retiring Chairman 
Dovetas C. CoRNER J. W. GERHARD Witi1am M. WEIGEL 
CHARLES BE. ScHWARZ 


Texas—Louisiana 


C. P. Watson, Vice-Chairman 
ARNO BrunkEE, Secretary-Treasurer, Box 1348, Fort Worth, Texas 


Upper Peninsula 


WILLIAM KELLY, Chairman 
8. R. Exxrorr, Secretary-Treasurer, Cleveland-Clifis Iron Co., Ishpeming wie, 
H. O. Davipson RUDOLPH ERIcsoN . W. Hopxins 


Lucimn Eaton W. H. ScuHacur 


Utah 


Meets second Thursday of each month, October to Se inclusive 


J. A. Norpmn, Chairman Ropert WALLACE, Vice- 
. T. VAN WINKLE, Secretary-Treasurer, Dooly Block, Salt Lake Giy: Wish Rig 


Washington, D. C. 


pea a ao ay ke GuorGce K. Buranss, Chairman 
; , Vice-Chairman Epwarp B. Matuews, V 

Pauu M. Trump, Secretary-Treasurer, 1817 37th St., N. W., Washington, Soe re 
8. P. Harcunrr Paut E, McKinnny Frrp E. Wricur 
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A es APR LATED STUDENT SOCIETIES 


sti ents if any nich of engineering, faoiallanes! Panauty, es 
: ete,, may be recognized by the Board of Directors inits discretionasan 
= _ Affiliated Student Society, and its name, together with the names of its 7 
ra president and its secretary, may be published in Mintne anp METAL- : 
__Lurey or the Directory of the Institute. The members of such a a 
= society will not be named individually on the membership list of the : 
Institute, but may at any time be proposed for election as Student 
_ Associates or Junior Members of the Institute, in the usual way. 


2. Membership in an Affiliated Student Society, certified by jhe 7 fi 
Official representative thereof, and accompanied by suitable testimony fa 
as to character and qualifications, will have special weight with the . 


Membership Committee of the Institute, in its consideration of the pro- 
posal of a candidate for membership. 
The Affiliated Student Societies receive the following privileges: = 
1. A copy of Mintne anp Meratuurey free; = 
2. The use of Employment Service; 
3. The use of MINING AND Alera te eae for publicity purposes, 
such as printing notices of their activities, etc.; 
4, Assistance in obtaining speakers for their meetings, lists of moving- 
picture films, etc. 
To retain the privileges of the Affiliated Student Society, its officers 
must keep in touch with the Secretary of the Institute and advise him — 
of its activities. 
The foregoing plan is not confined to students in mining engineering 
or metallurgy. Any undergraduate society of engineers may avail 
itself of the privileges offered. 
Societies desiring to be recognized as Affiliated Student Societies 


> 


; : 

B are requested to make application to the Secretary of the Institute, 
q giving particulars as to the nature, membership and officers. 

; The following list gives the names of the Affiliated Student Societies 
r as of December 1, 1929, and their presidents and secretaries. 

a 

: 

; 

E 

: 


—= + oer Fe 


— 


_ BulpeeH preusieg 
— wWeYpyg y30104q 
qqorieg “TV 


uooeg YuslyT 
_ .xoojIM “YW uygor 
‘Bry “f euINOg PW 


ssuruuos “YM 


oxvi9 “48°M‘H 


ae 


s10ATW “H UYOL 


Aqesny *) ene 


ABUIBG yg | 


eurqUETTeT “MAA 
suoqojny, Moipuy 


ooy “fp ygoury 
sueAe}g YUBA, 
eoullg “MY 
soqier “Y *f 
PIOMSTID “MA “WW 
rwewvig sepeyO 
jdoryy ‘g “UY 
uosIepusy 310q03 
aqomyoy “Y YIOUUSST 
OMOTUBY JOqIe Fy 
soog “H “a 


ssoy deselH |. 


ploy Aue 
Aopu0yjog “Vv “£ 
wos}IOqIY “WH PAW 
JOSVI “fH 

ByoIs “HM 
q19}1OS “H ANGTIM 
rioysvouvy “YT “H 
uoyIN “OD “A 
Ausyqog *O Amey 
audeg “5 uelIe 


Aqowog peosinyeyoy| pues Zuraryy 
_qnig surly 
Ayo100g Buu, 
AjoIW0g Seuly, OUT 
Ayotoog peosojooy pus surUlyy 
2 aMO [sient ln 

} 4o100g 
[oosNTeeyy pus Buraryw yen 
f Aqowoog yBorMeyy §4jN,L 
QnIO TeoIsNTTeIOW puw Buu 
| AYoIog optyueINg Oy,L 
qniQ Az0j09H ey 
Ayoog Buu, pues [vorsoloes) 
Ago0g Zulseulsuy woxoouly 
Ayowoog Burry OUL 
Ajowog Aura YL, 
soup, JO JOoYoY ‘qnIH ss98UryAL 
qniOD Jourmey pus xorg 
“MIN “I “V ‘Gousig yuepn4ys 
: qniO sural, 

‘ Ayowog ZutsoeusuGr 
[eormeyO pus [eysnpuy ‘surUlyy 
qniD suru, Aeu00p 
qnio erqrena 
‘USSY “JON PY “UTJAL LINOSstyy 
Aqotoog saulyT Jo [OOYOS 
UOIFVZIUBZIOQ S}USPNAG 
qniQ 302uy 
Ayooog ZuseulsuG SUL 
Ayowog [BoIsoyoes) puv SulUlpy 
qniD sieculsUG [BOIZOTORX) 
Agowog Sulurp, opyIVY ugoLr 
AYO100g “JOT 2 “UIP, POOMION, 
‘ad WIV ‘qouvig yuepnig 
Ayeoog ZUIUIYy 
SIDUIY, peyetoossy 
qnTO 1891s0[0285) 
qniIO PPACgS pus Ald 
Ajotoog eosan]jeqey pus Suraryy 
uolewossy Sulu syuepNysg 
Ayo1I00g S19 UIT 
AYOI00g Sulu VYSeTY 
Ayowog [eolsany][eyoY Pus JuIUlypy 


terseeeseseamoy ‘ueABHT MON ‘APISIOATUY) OTC A 
sess STA ‘UOSIPBIy ‘JO AqIsI9ATU) ‘UISUOOSTM 
totes BA tM fuMOZUBZIOW ‘JO AZISIOATU() “eIUIZITA 480M 

2 “Toss ++ gee ay ‘919980g ‘Jo AjIsIOATU ‘UOSUTYSE MM 
-ysem ‘UBUTT[NG ‘Jo eeT[0H 07¥9g ‘WOZSUTYSEM 
“+ +BA Bangexoeg ‘e9n914suy oTuqoe,AOg BIUIsITA 


“+ yeqn ‘AqID OVI 418g ‘JO Aptsr9aTay “WEI 
Ha sal Peale on < Sas TAT ‘9301/09 syn ‘aB0T[00 syn 
“+ epeueg ‘oJUCIOT, ‘Jo AZISIOATU() *oqu0l0,J, 
+-+-xeg ‘oseg Im ‘Jo Aqissoatay ‘sexe, 
trrresssexay “Bag eBaT[0D ‘eseT[0D [eoluBqooyW "IBY SBxeT, 
tere eeenery ‘AGISIOATUL) PIOJUBIG ‘AZISIOATU LS) pas0jueys 
srrterss pony Mroqeoullg ‘AzISIOATU() WOJOULLT 
‘eq ‘qZinqgsiig ‘jo Azsi9Atuy) ‘YSIngs34tq 
Ce ee see eee ‘er ‘eZoT[0D 84249 1) 101) 94849 elueA[Asuueg 
ses + gig ‘sIesrIoD ‘eZeT[OD [BIngNosy 0484S mW03010Q) 
ee eee “8T1O ‘ueUulI0 N ‘jo AJISIOATU() ‘emoye[{O 

Diera sear ©6101" OTIC), ‘snquinfop ‘AGISIOATU() e749 o1uQ 


Cen ee 


vole v cccee 


Meise ie s 2 alee DERI GIG 5 ‘N ‘sy10.q puei5 ‘Jo APISIOATU) “e,07eC 7410 N 
r++ +I *N foaloa0g ‘seuTI, JO [004 99899 OOTXETT MON 
tresses Agn ‘ousy ‘Jo AzIsIoATU:) ‘EpBAeNy 

ee oe OW “B10U ‘seul, JO TOOYOS WMossrfy 
a he uUly ‘stjodveuuryy ‘Jo AyisioAtuy) ‘BzOSoUUTIAL 
ra: a eee Woy ‘UoyySNoP ‘souryl JO esaTfoH wesiyoryl 
Binetd feta a ae + =< ciptwieslelre see = > WIP ‘wopYZnoP ‘Soul Jo eBa][oH uwsiyorw 
tenes rerrssee ess gap ‘fesplquisD ‘ASojouqoey, Jo “4Suy Syjesnqoesse Ay 
Pe ee ey eq *‘meyqeTqIeg ‘AZISIOATU) ysiqeyT 

Batis Waiters «ey. = Mer cls « Horses seeesesees-8tqy ‘uoqoTddy ‘adarjoQ eouermeT 
Pech Fa Se Re i ast I A ee I add ed ‘u04seq ‘aseT[0D aq0AejeT 
be Sichaiviee > 6 o 6 6a He ae Fe ro 6 86 eo ove AY ‘m0qgsuIxeT ‘jo AZISIOATU() ‘Ayonquey 
pina wiatalels «7 «8 =e < 815 © « Go SRE eee Oe uey ‘Q0U01IMB'T ‘Jo AYISIOAIUT () ‘susuey 
Siuigintwlere @ 4 «fe 4 2's ps Be © Fo 6 6 8 age oS 9 Se I ‘euBqin ‘jo AjISIBAIU f) ‘sIoull[] 
Bin sim eMe ae ote 6.6 5 6 66 FS See 6 6 6 0 6 e 2 08 oyepy ‘MOOSOTL ‘Jo AjisioAtu yy) ‘oyep] 
Saehivisieies Sec ees aseerreseoesves sseyl ‘espliquivy ‘AZISIOATT pivAley 
ee ge OlYO ‘puvpess[O ‘eoueIg perddy jo [ooyesg ese 
Rieeheleraiee + 2 eee eee be oe eq *q3.ings}4ig ‘ABoTOUqIE I, jo “4sUy aIsOUIeYD) 
Misses a0 of Soe es eRe FS eee a HS © 18) ‘AapeyI9g ‘Jo ApIsIOATU—) ‘elulojyey 
“ales ales: airy ‘woosny, ‘Jo AyIsIeAtuy) ‘BUOZIIV 
‘souly JO "GOS pus oB9T[0H “SV BYSLV 
ais ely ‘AzisieAluy) ‘Jo AyIsioAtuy) “BuUeqely 


£1849109g 


quepiserg 


Ayoroog 


eBoT[OH Io AzIsIeAlus) 


INSTITUTE MEDALS AND PRIZES 


ASIDE from the John Fritz Medal, in which the Institute partici- 
- pates through its representation on the John Fritz Medal Board, the 
_ Institute itself has four awards it may make annually, as follows: the 
Robert W. Hunt Medal and Prize, the J. E. Johnson, Jr., Award, 
the James Ropelas Medal, and the William Lawrence Saunders Medal. 


Ropert W. Hunr Mepau anv Prize 
The partners of Robert W. Hunt established a fund which was 


presented to the Institute at a fitting ceremony on May 27, 1920, to 
establish an annual medal and a sum of money to be awarded under. 


the following rules: 


1. The award shall consist of two prizes: first of a gold medal, second of a sum 
of money; a certificate to accompany each prize. The money prize shall not be 
awarded to a member over 40 years of age, but under unusual circumstances, both 
prizes may be allotted to one person provided that he is not over 40 years of age. 
In general it will be understood that the Committee shall award the money prize 
to the younger men, rather than the medal. 

2. The awards shall be made not oftener than once a year to that person or persons 
contributing to the Institute the best original paper or papers on iron and steel. The 


scope of the term “iron and steel” shall be determined by the subcommittee con- 


sidering the awards. In general, papers dealing with the practical side of the subject 
have preference over those dealing with the theoretical side in recognition of the 
fact that Captain Hunt’s main contributions to the industry have been in the improve- 
ment of production and quality of material. 

3. A subcommittee of three to five, including the Chairman of the Iron and 
Steel Committee, shall be appointed by the Iron and Steel Committee annually to 


adjudge the award subject to approval. 

4. The awarding committee shall submit its report to the Iron and Steel Com- 
mittee at its October meeting, and the award shall be certified to the Secretary of 
the Institute in time to permit the presentation to be made at the Annual Meeting 


of the Institute. 
5. The recipient of the award shall be designated ‘‘The Hunt Medallist.” 


This prize is administered by the Iron and Steel Division. 
Awards of the medal have been made as follows: 


1920—Robert Woolston Hunt. 
1926—Charles Lewis Kinney, Jr. 
1928—John A. Mathews. 
1929—Edgar Collins Bain. 


J. E. JoHNsoN, JR., AWARD 


This award is made from the income of a fund of $3000 donated 
by Mrs. Margaret Hilles Johnson in memory of her husband, J. E. 
Johnson, Jr., who was a prominent engineer, author of two valuable 
volumes on iron blast-furnace construction and practice, vice-chairman 


~ 


This prize is dana eas 
The intent of the donor is to enec 
in branches of the metallurgy or manufacture erp pig iron ak w 
professional activities of Mr. Johnson were chiefly concerned. The 
control of the fund and distribution of the awards having been seen d 
in the Board of Directors of the Institute, this Board has made the follow- 


ing regulations concerning it: 7 
Cs Phe award shall not be made to persons over forty years of OEE tT 
(2) The award shall not be made oftener than once a year. AS 
(3) The award shall be accompanied by a certificate suitable for fame . 


(4) The award shall be made to some promising engineer, selected because of a 
meritorious research, invention, or contribution to the professional literature of 
iron and steel, along the lines with which the professional activities of Me JeEey 
Johnson, Jr., were chiefly concerned. —~ 

(5) The ren and Steel Division of the Institute shall recommend to the Board 
of Directors before the Annual Meeting of the Institute, each year, any suitable 
person qualified to receive the award. ; 

(6) The Board of Directors of the Institute may change these regulations as A 
may be necessary or advisable, within the spirit and intent of the donor’s desire to 
bring encouragement and distinction to promising young engineers. ; 


This prize has been awarded as follows: 


1923—-Alexander L. Feild. be ' 
1926—Selwyne Perez Kinney. : 
1927—Thomas L. Joseph. | 
1928—P. H. Royster. : ; " 
1929—No award. 


THe JAMES Douacuas MEpDAL 


Endowment for an annual gold medal, commemorating Dr. James 
Douglas, twice President of the Institute, was established by anonymous 
donors in 1922. The rules governing the award of the medal, as adopted 
by the Board of Directors, include the following main provisions: 


1. The medal to be awarded once a year, preferably at the time of the annual 
meeting. The medal is to be accompanied in every case by an engrossed diploma 
containing a citation of the service or achievement upon which the award is based. 

2. Eligibility. (a) Distinguished achievement in non-ferrous metallurgy. (6) 
No limitations as to nationality, membership in the Institute or otherwise. (c) 
Recipient must be a living person, able and willing to present himself in person to 
receive the award at the time and place to be prescribed by the Board of Directors. 

3. The choice of a recipient is to be based upon a report by a committee of fifteen 
members of the Institute interested in non-ferrous metallurgy, chosen by the Board 
of Directors and distributed as widely as possible geographically. The tenure of 
office shall be for three years, so arranged that a portion of the Committee shall be 
elected each year. A member shall not be eligible for reappointment to the Com- 
mittee for a period of one year after his term has expired. The President shall be 
ex-officio a member of the Committee but not its Chairman.. The award shall finally 


of Gard of Dee after a full Bopeidesande an 
. The Directors shall have the right to reject the report 


nittee may call on the ibieehi for nominations, but such nomi- 
ist be accompanied by a detailed argument in favor of the award and 
J - details sufficient to permit a proper citation to be drawn. 


i, Awards of the medal have been made as follows: 


1923—Frederick Laist. 
1924—Charles Washington Merrill. 
1925—William Hastings Bassett. 

~  1926—John Michael Callow. 
1927—Zay Jeffries. 
1928—Selwyn G. Blaylock. _ 
1929—Paul Dyer Merica. 


THe WILLIAM LAWRENCE SauNpDERS Gotp MEDAL 


The William Lawrence Saunders Gold Medal for achievement in 
mining was established in 1927. The rules adopted for the award of this 
medal are as follows: A 


1. The Mining Medal may be awarded once a year, but not oftener. The medal 
_ is to be accompanied by an engraved diploma containing a citation of the achievement 
on which the award is based. 

2. The presentation ceremonies will take place Panui during the Annual 
Meeting of the Institute, although the Directors may arrange for its presenta- 
tion elsewhere. 

3. The medal will be awarded for distinguished achievement in mining. There 
are no limitations as to nationality, membership in our Institute or otherwise. 

The recipient must be a living person, able and willing to present himself in person 
to receive the award at the time and place prescribed by the Board of Directors. 

4. The choice of a medallist is to be based upon a report by a Mining Medal 

E Committee of fifteen members of the Institute interested in mining, chosen by the 
3 Board of Directors on the nomination of the President, and distributed as widely 
. 
f 
: 
A 


geographically as convenient. The tenure of office shall be for three years, so arranged 
that a portion of the Committee shall be elected each year. A member shall not be 
eligible for reappointment to the Committee for a period of one year after his term 
has expired. The President of the Institute shall, ex-officio, also be a member of 
the Committee, but not its chairman. 

The award shall finally be made by a majority vote of the Board of Directors 
of the Institute after consideration of the report of the Committee. The Directors 
shall have the right to reject the report of the Committee. 

5. The medal committee may invite nominations from the membership of the 
Institute, such nominations to be accompanied by an argument in favor of the award 
and details sufficient for a proper citation to be drawn. 


This medal has been awarded as follows: 


3 1927—David William Brunton. 
aa 1928—Herbert Hoover. 
1929—John Hays Hammond. 


ae 
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This fund was established in 1929 for support of research 
cially refers to non-ferrous mining and metallurgy. Tt is admi 


under the Board by a committee consisting of the President an “Sec re- 
tary and three members selected by: the Board. Phe 


: bbe =. 

The Howe Memorial Lecture, in memory of Henry Marion Howe, ~ 
Past President of the Institute, was authorized in April, 1923, as an annual - 
address to be delivered by invitation under the auspices of the Institute rc. 


by an individual of recognized and outstanding attainment in the science 


and practice of iron and steel metallurgy or metallography, chosen by 
the Board of Directors upon recommendation of the Iron and Steel 
' Division. The following were the Howe lecturers for the years indicated: 


ALBERT SAUVEUR—1924 BrapDLeyY SToUGHTON—1927 

. Joun A. MatrHuEws—1925 _ Henry D. Hosarp—1928 
Wiui1am CamMpsBELL—1926 Joun Howe Haur—1929 . 
JOINT ACTIVITIES 


The Institute conducts jointly with the American Society of Civil 
Engineers, American Society of Mechanical Engineers, and American 
Institute of Electrical Engineers, certain activities as listed below, and 
is joint owner with them of certain properties. 


Unitep ENGINEERING SOCIETY 


This is a corporation organized by the American Institute of Mining 
Engineers, American Society of Mechanical Engineers, and the American 
Institute of Electrical Engineers, to hold the title and administer the 
property at 29 West 39th St. In 1916, the American Society of Civil 
Engineers was admitted, and each society now has an equal one-fourth 
interest in the ownership, occupancy, and administration of the building. 
The cost of this property has been over two million dollars. A. I. M. E. 
representatives are: Arthur 8. Dwight, John V. N. Dorr and H. A. Guess. 

AurreD D. Furnn, Secretary, 29 West 39th St., New York City. 


ENGINEERING FOUNDATION 


This is a fund established by the United Engineering Society in 1915 
with a gift of $200,000 from Ambrose Swasey. Subsequent gifts had 
increased the fund to about $620,000 on March 1, 1929. 

The income of the fund is used to further research in science and 
engineering and to advance the profession of engineering and the good 
of mankind. A research project in alloys of iron is being conducted in 


» 


- elose cooperation with the cast 
Galen H. Clevenger, John M. Callow and John V. N. Dorr. 


AMIS Mies Pe preecntativee’ are: 


ALFRED D. FLinn, Secretary, 29 West 39th St., New York City. 


JouN Fritz Mrepat Boarp or AwARD 


The medal was established in 1902 and has since been awarded not | 


_ oftener than annually by a board of sixteen members, four representa- 


q a tives each from the American Societies of Civil, Mining and Metallurgi- 


> 


_ eal, Mechanical, and Electrical Engineers. This medal is awarded “for 


notable scientific or industrial achievement,’’ and there is no restriction 
on account of nationality or sex. The board meets annually on the third 
Friday of October. For 1929, the Chairman is Bancroft Gherardi; 


_ Treasurer, George S. Davison; Secretary, Lincoln Bush; Assistant 
Secretary, Alfred D. Flinn, 29 West 39th St., New York. 


JOINT CONFERENCE COMMITTEE 


This is a committee consisting of the presidents and secretaries of the 
four National Engineering Societies, which meets at intervals to consider 
matters of mutual concern to the four societies and makes, where possible 
recommendations for concurrent action by the societies. 


ENGINEERING Socrretigs LIBRARY 


This is a consolidation of the four libraries formerly maintained by 
the four National Engineering Societies and is administered through the 
Engineering Societies Library Board. It contains over 122,000 volumes 
and is conducted as a free public reference library. It is open to the 
public from 9 a.m. to 10 p.m. on week days, excepting July and August, 
when the library closes at 5 pm. A. I. M. E. representatives are: 
Sydney H. Ball, George C. Stone, John H. Janeway and Joseph E. Pogue. 

Harrison W. Craver, Director, 29 West 39th St., New York City. 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


A cooperative service for engineers and their employers under the 
direction of the American Institute of Mining and Metallurgical Engi- 


neers; American Society of Civil Engineers; American Society of Mechan- 


ical Engineers; and American Institute of Electrical Engineers, and with 
the cooperation in Chicago of the Western Society of Engineers, and in 
San Francisco of the California Section of the American Chemical Society 
and the Engineers’ Club of San Francisco. For information as to men 
available or positions open, address the nearest office: New York, Walter 
V. Brown, Manager, 31 West 39th St., Telephone Penn. 9220; Chicago, 
A. Krauser, Manager, 1216 Engineering Bldg., 205 West Wacker Drive, 
Telephone Harrison 1238; San Francisco, Newton D. Cook, Manager, 
Room 715, 57 Post St., Telephone Sutter 1684. 


‘. 
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LOCALITIES FROM | RGANI (ON 
. bb 2, Pa sn : ; : 
DECEMBER, 1929 ce 
- Li . 
Date Vol. Bs Ne ‘Pla 
No. Place ate Vol. age ae lac 
1. Wilkes-Barre, Pa.*..... May,’71 1 3 70. Pittsburgh, Pa*.. “ie 
_ 2, Bethlehem, Pa... AUR igs lee 109) ¥ 71. ,Coloradosce. 4... eros 
3, Troy; Ns Y¥eoes 0. SNOW. Le od 13 Lie She Ill.. 
Mu 4, Philadelphia, Pa. Hbig atos ae 17 73. Lake Superior.... 
5. New York, N. Y. May, ’72.. 1 20 74. Atlantic ae 
6. Pittsburgh, Pa... Oct. 72treet 25 75. Buffalo, N. Y. 
7. Boston, Mass.... Web... @3e0 2 28 76. New York, N. Y 
8. Philadelphia, Pa. May, '73.. 2 3 . California..... 
9. Easton, Pa...... Oct, -wao-ne ff. 8. Washington, D. 
10. New York, N. Y Feb., ’74.. 2 11 9. Ca zen 
11. St. Louis, Mo.*. . May, ’74.. 3 3 80. Richmond, Va.*. 
12. Hazleton, Pa.... Oct., ’74.. 3 8 81. Mexico......-b.4- 
13. New Haven, Conn. Feb., “7a:. 3 15 82. Philadelphia, Pa.§. 
14. Dover, N. J.*...... May, ’75.. 4 3 83. New Haven, 
15. Cleveland, O... Oct., *75.. 4 9 84. Albany, N. Y.*.. 
16. Washington, D. C Feb., °76.. 4 18 85. New York, N.Y... 
17. Philadelphia, Pa.t June, ’76.. 5 | 3 86. Atlantic City, N. J. 
18. Philadelphia, Pa. Oct: 226... 5 19 87. Lake Superior.... 
19. New York, N. Y. Bebs “ane. a 27 88. Washington, D. 
20. Wilkes-Barre, Pa.*. May, ’°77.. 6 3 89. British Columbi 
21. Amenia, N. Y.... Ort 6h. 0) 10 90. Bethlehem, Pa... 
22. Philadelphia, Pa. Feb., '78.. 6 18 91. London, England 
23. Chattanooga, Tenn. May, ’78.. 7 3 92. New York, N. Y. 
24. Lake George, N. Y. Oct.g 228. 103 93. Toronto, Canada. 
25. Baltimore, Md.*... Feb., °79.. 7 pedi re 94. New York, N. Y. 
26. Pittsburgh, Pa... May, ’79.. 8 3 95. Chattanooga, Tenn 
27. Montreal, Canada Sept.,’79.. 8 121 96. New Haven, : 
28. New York, N. Y. Feb., ’80.. 8 | 275 97. Spokane, Wash.... 
29. Lake Superior, Mich Aug., ’80.. 9 1 98. Pittsburgh, Pa. 
30. Philadelphia, Pa.*. ERebissl ee 275 99. Canal Zone...... 
31. Staunton, Wittens . May, 781. .10 1 100. Wilkes-Barre, Pa 


32. Harrisburg, Pa... OGts Sh. a0 119 101. San Francisco, 
' .Feb., ’82..10 225 102. New York, N. Y.*. 
34. Denver, Colo...... .Aug., ’82..11 1 103. Cleveland, Ohio. . 


35. Boston, Mass.* Feb., ’83..11 ria 104. New York, N. Y- 


i?) 


36. Roanoke, Va June, 783. .12 105. Butte, Mont..... 

37. Troy, Gls), (Soe ke 175 106. New York, N. Y 

38. Cincinnati, O Feb., '84..12 447 107. New York, N. Y.*..... v ‘ 

39. Chicago, Ill. . - May, '84. .13 1-108. Salt Lake City, Utah.. - ii 

40, Philadelphia, Pa. -Sept., 784. .13 285 109. Pittsburgh, Pa........ é ii 

41. New York, N. Y. Heb, 8a..13 585 110. New York, N. Y.*. Fi i 

42. Chattanooga, Tenn . May, ’85. .14 1 111. San Francisco, Cal. i ii. 

43. Halifax, N.S...... .Sept., 85. .14 307 112. New York, N. Y.*. 7 Ye 

44, Pittsburgh, Pa.*, Feb., 86. .14 B87s om LIS oArigonas tis sree eens c ii 

45, Bethlehem, Pa. .May, ’86..15- xiii. 114. New York, N. Y.* : ii. 

46. St. Louis, Mo.. Oot 2869, 15 lxx. 115. St. Louis, Mo 4 ii 

47. Scranton, Pa.*..... .Feb., '87..15 Ixxvi. 116. New York, N. Y.*...... F ; ii. 

48. Utah and Montana SoUly, 87.16). Seyiis i In By Can Of) fio oe eed tr: : ii 

49. Duluth, Minn.... -July, '87..16 xxiv 118. Milwaukee, Wis........ 3 ii 

50. Boston, Mass.*. . Feb., ’88..16 xxviii 119. New York, N. Y.*...... eb., . it 

51. Birmingham, Ala.....,. May, ’88. .1 xix, 120) ‘Chieag0 scenic ner see aie é ii. 

52. Buffalo, N. Y...... -. Och, ‘'88..17 mere, 121. New Sorks Ns Mateeess Feb., : ix. 

53. New York, N. Y.*......Feb., ’89..17  xxxi. 122. Lake Superior District. .Aug., x j 

54, Colorado........ ...Jdune, '89..18 = xvii. 123; New York, Nv Y.?. econ Feb é iii. 

55. Ottawa, Canada........ Oct., ’89..18 xxv. 124. Wilkes-Barre, Pa....... f ie 

56. Washington, D. C.*....Feb., '90..18 xxx, 126. New York, Ny Y.*. .sa0 Feb : rb 

57. nNews Mork No Ys.ceers: Sept., 90. .19 vii, 126. San Francisco, Cal...... : Xxix. 

58. New York, N. Y.*...... Feb., '91..19 xxv. 127. New York, N. Y.*......Feb r xxix. 

59. Cleveland, O...........June, '91. .20 Xvi. 128. Canaan... :. ne. tees Aug.,’ : XXxvi. F 
60. Glen Summit, Pa....... Oct., ’91..20 Ixi. 129. New York, N. Y.*...... Feb., ‘ Xxxi. 
61. Baltimore, Md.*....... Feb., ’92. .21 xix, 130. Birmingham, Ala....... Oct., : Xxxiii. . 
62. Plattsburg, N. Y....... June, ’92..21 xxxiii. 131. New York, N. Y.*......Feb., . 71 xxxviii. 

Ga Reading, Eas sai. hm « Oct., '92..21  xliv. 132. Salt Lake City, Utah...Sept.,’ : Xvi. 

64. Montreal, Canada*..... Feb., ’93..21 lii. 138. New: YorkiiN. ¥.* 2.5.6 Feb., ’ : xxii. 
65. Chicago, Ill............ Aug., 93. .22 xiii. 134.. Pittsburgh, Pa.... <<... Oct., ’26..74 xv. 

66. Virginia Beach, Va.*....Feb., 94..24 xvii. 185. New York, N. Y.*..).... Reb. 2le cabs, weevils 

67. Bridgeport, Conn....... Oct., ’94..24 xxxy. 136. New York, IN; Yanerecc Feb., '28..76 104 

68) Bloridat: occ scnrecte ss Mar Oba 25 xix. 137. New. York; IN. Y... eee Feb., '29..299 116 

69. Atlanta, Gag... see Oct., '95..25 xxxiii, 138. San Francisco, Cal..... Oct., °29 496||° 


* Annual meeting for the election of officers. The rules were amended at the Chattanooga meeting 
May, 1878, changing the annual election from May to February. 
t Begun in May at Easton, Pa., for the election of officers, and adjourned to Philadelphia. 
{ Begun in February at New York City, for the election of officers, and adjourned to Florida. 
Begun in February at New York City, for the election of officers, and adjourned to Philadelphia. 
See Minine anp Mrrauuurey of year of meeting on page indicated for complete story of meeting. 


’ Many of the papers presented at the 137th general meeting are in the TRANSACTIONS for 1929 
(four volumes). 
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The Annual Meeting was held at Institute headquarters in New York 
City, February 18-22, 1929; for program of meeting see MINING AND 
Metatuurey for February, page 67, and for complete story Minna 
AND Metauuurey for March, page 116. 


REGIONAL AND Division Mrrrines 


Meeting 


Place 


Date 


Report in 
MINING AND 
METALLURGY, 
Page 


Joint meeting Institute of Metals and 
Iron and Steel Divisions, A. I. M. E., 
Tron‘and Steel Division, A. S. M. E., 
American Welding Society, and Amer- 
ican Society for Steel Treating. 


Rerionalmeetme. 6... cere e cs ccs sees 


Petroleum Division, A. I. M. E......... 


Petroleum Division, A. I. M. E......... 


138th General Meeting American Insti- 
tute of Mining and Metallurgical 
Engineers. 


Cleveland 


Spokane 


Tulsa 


Los Angeles 


San Francisco 


Sept. 9-13 


Oct. 3-5 


Oct. 3-5 


Oct. 4-6 


Oct. 7-10 


Aug.,! 380 
Oct.,? 478 
Oct.,? 480 
Nov.,* 540 


Aug.,! 383 


‘Oct.,! 442 


Nov., 501 
Sept.,! 411 
Oct.,1 442 
Nov., 505 
Oct.,1 442 
Nov., 504 
Aug.,? 384 
Sept.,! 410 
Oct.,! 442 
Nov., 496 


1 Preliminary story of meeting containing program. 


2 Tron and Steel Division, A. I. M. E. 


3 Institute of Metals Division, A. I. M. E. 
4 Secondary Metals Symposium. 
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OFFICIAL INSTITUTE REPORTS FOR THE YEAR 1928 
Report of the Secretary 


r LY 
To THE Boarp oF Directors AND THE MEMBERS OF THE AMERICAN 
InstTITuTE OF MINING AND METALLURGICAL ENGINEERS 


GENTLEMEN: ; 

The year 1928 was another in the history of the Institute which was — 
marked by quiet growth and steady progress. The total membership 
as of December 31, 1928, was 8703 as compared with 8438 on December __ 
31, in 1927. Again the main increase has been in Members and the © 
number of Junior Associates is less. As will be seen also by the Treas- 
urer’s report, the increase is reflected in larger receipts for dues indicating © 
that fewer have had to be dropped for non-payment. There has been 
a gratifying increase in the number applying for reinstatement and it 
seems clear that interest in and attachment to the Institute has 
notably increased. 

The year was signalized by the merging of the Rocky Mountain Club 
with the Institute which brought to our roll one hundred and forty 
who were not previously members from among the men who have made 
the West. It also brought to the Institute a strong tradition of good 
fellowship and a fund of over $100,000, the interest from which is to be 
expended so far as may be, for purposes beneficial to the Western states. 
The Endowment Committee expects to see other and similar funds 
entrusted to the Institute and the Board has already appointed a special 
committee to consider all projects for expenditure of the revenue from 
them. It is felt that with the organization and personnel available in the 
Institute even modest revenues can be made to yield large returns in 
the way of scientific and technical knowledge. : 

Within the year also, a third great Division has been organized within 
the Institute, building on the foundation of the old Iron and Steel 
Committee. The new Division signalized its independence by joining 
the Lake Superior Mining Institute in a visit to the Menominee Range 
in September and by furnishing material for a special volume of 353 
pages, “Tron and Steel Technology in 1928,” printed and distributed in 
December. The Institute of Metals Division held its fall meeting with 
good attendance as one feature of National Metal Week at Philadelphia 
in October, and published its volume of Proceedings, running to 836 pages, 
in August. ‘‘Petroleum Development and Technology in 1927,” 844 
pages, came out in June and recorded the work of the Petroleum Division. 
A most interesting Fall meeting was also held by the Division at Tulsa, 
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Okla., Oct. 18-19, Bid at exhibit made at the lemnationsl Petroleum > 


i Fe position there the week following. 


Two regional meetings were held within the year, the first at Boston 
in August and the second at Los Angeles in September. The Boston 


‘meeting was under the auspices of the Boston Section and the newly- 


- formed Committee on Geophysical Methods of Prospecting. The 


papers attracted to this and the program of the Committee at its first 
meeting in February, 1928, were so numerous and valuable that the 
Board authorized publication of a special volume on ‘Geophysical 
Prospecting”’ now being distributed. Nearly 1200 members of the Insti- 
tute have signified their interest in this subject, so that the Committee 
now represents one of the largest groups in the organization, more than 


in many independent societies. Western members got together at 


Los Angeles in September, the Southern California Section being respon- 
sible for a portion of the program of Convention Week, in which the 


‘Western Division of the American Mining Congress and the California 


Development Association, joined: The papers contributed by the Insti- 
tute related to non-metallics and non-ferrous mining and metallurgy. 

The 27 Local Sections of the Institute each held one or more meetings, 
a number putting on monthly programs. Every active Section was 
visited at some time within the year by the President, or one of the 
Secretaries, or by two of them together in order to effect personal contact 
between the staff and local members. Each Section, also, was invited 
to send a delegate to the Annual Meeting and with few exceptions they 
didso. Itis hoped still further to build up these relations but necessarily 
more of the work must fall on other officers of the Institute, since neither 
time nor money are available to permit much more travel on the part 
of those now doing the work. In a further effort to promote contact 
the By-laws were amended to permit payment of certain expenses incurred 
by Directors in connection with meetings of the Board. So far as one 
year’s experience goes this had made no material difference. Out of a 
possible attendance of 248 at 10 meetings held, 99 was scored. Of the 
Directors, three attended 9 meetings; two, 8; three, 7; one, 6; one, 5; 
three, 3; one, 2; three, 1; six attended none. At only one meeting was 
there a failure to secure a quorum. Only $117.09 was charged+to account 
of Directors’ travelling expense, the members, as in the past, if able to 
come at all, arranging their trips in connection with other business or 
making no charge. 

The publications printed for the year included the following: 

12 Issues of ‘“‘ Mining and Metallurgy,’ 570 pages. 

Transactions Volume 76, 755 pages. 

Proceedings of the Institute of Metals Division, 836 pages. 

Petroleum Development and Technology, 1927, 844 pages. 

Iron and Steel Technology, 1928, 353 pages. 


Flotation Practice, ee. 


257 pages. 
Technical Publications, indlidfalacl eeriplilaks 113 in number. 
In addition, there were a number of preprints” and ie 


physical Prospecting to which reference has already been ualne wavibeee =" = 
ally completed though not printed until January, 1929. Taking into 
account the size of the edition of each paper it may be estimated that 


16,000,000 printed pages of technical data were furnished the members 
in 1928 at a total cost of $95,906.18, publication constituting the main 
expense as it does the principal business of the Institute. 

The Board now has under consideration, and has submitted to the 
members for discussion, further changes in the By-laws affecting the 
distribution of the publications and the position of junior members. 
The first is designed to meet inequalities in distribution by putting all the 
material that now goes into the special volumes into TRANSACTIONS, 
furnishing each bound in cloth without extra charge, supplying one . 
volume of his choice free to each member, and making a moderate charge ~ 
to cover costs for any additional volumes requested by any member. 
It is believed that this plan provides the fairest distribution of the mount- 
ing cost of publication resulting from increasing volume and the increase 
in printing charges. Each year a consolidated index, such as appears 
in Transactions Volume 76, will be furnished to each member so that 
he may have no difficulty in referring to anything printed by the Institute 
whether in the particular volumes in his own library or not. 

The change proposed in regard to membership, abolishing the grade of 
Junior Associate and establishing those of Junior Members and Student 
Associates, is designed to make it easier for young men to make contact 
with the Institute and to progress to full membership as they become 
qualified. It also places our membership more nearly on the same basis 
as that of the other National Engineering Societies, though it still 
remains true that our dues are the lowest of the group. 

The relations of the Institute to various societies serving similar or 
like fields has remained cordial and pleasant and our inter-society business 
and professional relations, such as participation in United Engineering 
Society, Engineering Foundation, Engineering Societies Library, the 
Employment Service and similar organizations remain with but little 
change. The financing of the Library has been placed on a slightly 
different basis, so that temporarily the assessment against the Institute 
has been decreased, and a slight decrease in connection with participation 
in the Engineering Standards Association will also accrue this year. 
It remains true, however, that the fields for usefulness are so numerous 
and so broad that the income of the organization is inadequate and only the 
closest economy in detail permits the present activities to be maintained. 


as % 
al 


_ it has been incorporated and has been the recipient of gifts amounting to 
_ a number of thousands of dollars for permanent support of its student 
fellowships. A fund of $10,000 is also being raised, the income to be used 


to supplement dues in meeting clerical and other incidental expenses. 
A room at headquarters has been set aside for the Auxiliary office, the 
Institute for the present paying the rent. Members of the Auxiliary 
have joined with those affiliated with other engineering societies in leasing 
and opening a Club House for social purposes at 37th Street and Lexington 
Avenue, not far from Institute headquarters in New York. This activity 
of the Auxiliary, of the Open Hearth Conference, and various other groups 
might also be cited as illustrating the capacity of the miners, metallurgists 
and all related to their professions, to organize and conduct movements 
designed to better conditions in their field and is a welcome indication — 
that as a class we have ideals and purposes beyond merely making holes 
in the ground and making money out of rock. 
H. Fostrr Barn, 
‘Secretary. 


Report of the Membership Committee 


The name of this Committee, which was formerly known as the 
Committee on Increase of Membership, was changed in the revised 
Constitution adopted last year. At the same time, the form of organiza- 
tion and the functions of the Committee slightly altered. Previously it 
had concerned itself only with endeavoring to secure applications for 
membership from those who are, or should be, interested in the field of 
activities of the Institute and in a position to benefit from membership in 
it. The Committee was large and widely scattered, with the result that it 
was impracticable for it to hold meetings and discuss any of the larger 
problems involved in stimulating growth along sound and healthful lines. . 
At the suggestion of last year’s Chairman, the Assistant Secretary of the 
Institute, an executive committee of the main committee, consisting of 
two past presidents and three other members, each a prominent figure in 
one branch of the mineral industry, and with the past Chairman as execu- 
tive secretary, was created to make a study of the general problems of 
membership. The first problem it took up was the membership 
structure of the Institute in its relation to beginners in the industry. 
After reviewing the organization of the three other national engineering 
societies and the experience of the Institute during the past ten years 
with the Junior Associate grade of membership, the Committee recom- 
mended to the Board of Directors, on Nov. 21, 1928, that this grade of 
membership be abolished and the two grades of Student Associate and 


~ even more attractive than had been planned, since those in that grade 


sp oes oyer s 
when they were adores did not know that they oe enter t 


- industry, and consequently did not become Junior Associates, to bec mn e 


members in a Junior grade at reduced annual dues. 
The changes in publication policy which the special committee of the 
Board has since recommended will make the new grade of Junior Membeet 2 


will receive a cloth bound copy of one volume of the Transactions for 
$1 less than it has heretofore cost a Junior Associate to receive the 
Transactions. It is, therefore, expected that the new grade of mem- 
bership will not only provide for a class of young men who were not being 
reached by the Institute, but will provide a more satisfactory relationship 
for all young men in the industry. Since the Institute loses by death 
and by resignation (due to going into other lines of work) about 300 
members each year and only about the same number of young men gradu- 
ate from schools of mining and metallurgy in the same period, it is evident 
that careful attention must be given to securing the interest of the younger 
men if the Institute is to continue to grow. 

- An important change in the functioning of the main committee has 
been its coordination with the activities of Local Sections, through the 
Sections’ appointing sectional committees on membership, the Chairmen 
of which should be ex officio members of the Committee on Membership. 

A number of Local Sections have done this and it is hoped the practice - 
may be more generally adopted in 1929. The regular activities of the 
Committee have continued throughout the year, and in that period 607 
applications for membership were received, 601 were elected to member- 
ship and 597 accepted election, thus comparing favorably with 
preceding years. 

EK. DrGouyer, 

. Chairman. 


Report of the Admissions Committee 


This Committee, formerly known as the Membership Committee, 
had its title changed as above by the new Constitution which was 
adopted February, 1928. During the year 1928, 607 applications for 
membership were submitted to the Committee for its action; and after 
careful consideration 601 were recommended to the Board of Directors 
for election. to the various grades. Of this number 597 accepted election 
and became members during 1928. The changes in the membership 
resulting therefrom are set forth in tabular form on the following page. 

The Rocky Mountain members, who now appear in this list for the 
first time, were added pursuant to the action taken at the Annual Meeting 


x 


‘They constitute : a rer addition to our membership without pied 
on the Institute’ 's revenues. ° 


vines 


- Total Scent, SAM GAL OSS chet cn ioe 3 Hoot ks EL OE 8438 
Accepted election, 1928: 
Mem bersttys:.265. <a, eee ih Sana ie WE a 227 
ASSOCIATES a3) wiSiz cand see ae ee aE 100 
Junior Associatesthn re: aaa any ee ee 205 
532 
532 
GL Clag Ga leniOUes were ty te ed RR Tete oats tine anaes KE deh stan 65 
Mocky Miommiaim Membherac 09 We bah Atari acts Leos mdncd® sae cn 140 
Uo epee ere a AOS er ttre tyo moc verhcca Soka is eueas nea ah 9175 
Losses: 
A Seno VROCHCUS LOD Serna Eee recreate its a Zia b Cat ee wa oman ae oe 85 
MOS VErCsONALIONS OLS sek. te en eRe ee ele eee 149 
Suspended for nonpayment of dues. ....... 2... ee ee eens 305 
Junior Associates failed to change status...................0.0005 54 
593 5938 
Gralemempership alan al 1929S. 52) heat sie tite coh ales siabl ae chev cas 8582 


To this Committee it does not seem that satisfactory progress was 
made in the net membership increase during 1928, which ended the year 
with a total of 8582 as against a membership of 8438 on Dec. 31, 1927, 
an increase of but 144 which, including as it does the 140 members coming 
to us from the Rocky Mountain Club, really represents for 1928 a net 
increase of but 4 members. 

It has ever been conceded that even vigorous efforts by the Institute 
to enlarge its membership by eligible persons is not only vital to its future 
but that it is an entirely dignified proceeding. It would seem that large 
increases could be had by consistent continuous work on some well laid 
plan evolved by those in charge. The functions of this Admissions 
Committee are merely to pass on the qualifications of applicants and 
recommend to the Board of Directors the election of those who have 
measured up. 

Grorce D. Barron, 
Chairman. 


The following is a report of the ood eee to the P id 
Publications Committee during 1928: | aoe 

The Committee held nine regular meetings during the year 1 8 
During that period there were presented to the Institute 214 pa 
which were acted upon as follows: 


Accepted as Technical Publications.................-- petestaskic 85 


; Declined for publication...... Pee ne ee pal oust PAs Esta 3 16 
i, Action. pending, Dee. 31... saa = a> 5 teen erent 25 
: Manuscripts held for annual volumes, Dec. 31........... Mase se oF th 

Withdrawn temporarily..... neva ae o ebietralel oNolate eed) Ae ee 1 
Agecepted as Preprints... 2/05.) 0 5 ee 20 
Pnted for first time in volumes..c:.. .2 S. Wesco eee oe 35 
Published in Mintne anD METALLURGY..............---------- 12 
Papers in Technical Publication No. 156 (Coal Classification) and 
; not accounted for elsewhere in this table............... a el Fe 10 
Mimeographed only * 23. sa. 5 sc eens acre oot ee ee 3 
Total): johdose Hae 2s Oo aes See 214 


* A considerable number of papers were mimeographed for the annual meeting. 


Of the 85 papers accepted as Technical Publications 8 were reprinted 
in the TRANSACTIONS, 7 in Proceedings of the Institute of Metals Division 
(1928), 7 in Iron and Steel Technology in 1928, 13 in Geophysical Pros- 
pecting, and 50 were in Technical Publication form on Dec. 31. Of the 
20 papers accepted as Preprints 1 was reprinted in the TRANSACTIONS, 
13 in Petroleum Development and Technology in 1927, 2 in Geophysical 
Prospecting, and 4 were in Preprint form on Dec. 31. Of the 35 papers 
printed for the first time in the various volumes 8 were included in the 
TRANSACTIONS, 2 in Proceedings of the Institute of Metals Division 
(1928), 1 in Iron and Steel Technology in 1928, and 24 in Petroleum 
Development and Technology in 1927. Of the 12 papers accepted for 
MrInine AND MeratLurGy 1 was accepted for Geophysical Prospecting 
and 1 for the TRANSACTIONS. 

There were published in 1928 113 Technical Publications contain- 
ing a total of 1928 pages, as against 88 in 1927, totaling 1528 pages. 
The Technical Publications published in 1928 were classified as 
follows: Group A, Metal Mining, 17 papers (361 pages); B, Milling and 
Concentration, 4 papers (39 pages); C, Iron and Steel, 15 papers (256 
pages); D, Non-ferrous Metallurgy, 13 papers (191 pages); E, Institute 
of Metals, 36 papers (588 pages); F, Coal and Coke, 15 papers (392 
pages); G, Petroleum and Gas, 10 papers (246 pages); H, Non-metallic 
Minerals, 3 papers (33 pages); I, Mining Geology, 18 papers (356 pages) ; 
K, Mining Administration, ete., 3 papers (47 pages); L, Geophysical 
Prospecting, 21 papers (430 ey 


Sen os the Goarenit tee! 


the first time as shown i in the following table: 


~  PuBLIsHED 
_ PusuisHED as 1928 PuBLISHED 
First In Technical Firsr 1n~ 
1927, Publications, Vouums, 

Paaes Pages Pacers 
_ Petroleum Development and Technology in 1927... 36 808 
Proceedings of the Institute of Metals Division, 1928 284 340 212 
Tron and Steel Technology in 1928................ 32 235 96 
Be Hlotation Practice............. Baie 5 aes ie 110 147 
ME RANSACTIONS VOL GO" go cn sca ah he wet hiee cameos 79 343 246 


wy eer. . ee 


* Eighty-seven pages of Vol. 76 of the TRANSACTIONS not accounted for in the 


pee above table were reprinted from other volumes. 


_ As provided in Article VIII, Section 4 of the By-laws, the Papers and 
Publications Committee formulated rules of procedure setting forth its 
policies regarding the acceptance or rejection of papers submitted for 
publication; these were approved by the Board of Directors on March 
30, 1928, and a copy of the rules of procedure may be obtained by appli- 


cation to the Secretary of the Institute. 


- Within the year the Membership Committee recommended material 
Tiniged in the classification and rights of members and this in turn led 
to recommendations by a special committee for extensive changes in the 
plan of publication of the Transactions and special volumes. These 
recommendations were approved by the Board and Amendments to 
the By-laws necessary to put them into force will come before it for 
vote at the February meeting. In brief, the change contemplates that 
hereafter there shall be printed and distributed to all members a YEaAr- 
BOOK including the present list of members, committees and business 
reports and a comprehensive consolidated index of all the publications 
of the Institute for the year concerned. The technical papers now 
included in the TRANSACTIONS, as well as those now issued in the special 
volumes, shall all go into a series of TRANSACTION volumes suitably 
allocated to the work of the separate Divisions and of the Committees. 
One such volume each year, as chosen by him, shall be furnished free 
in cloth binding to each member and he may buy any or all of the addi- 
tional volumes similarly bound, at a price estimated to cover the average 
cost. Under this plan each member will receive annually a compre- 
hensive index of all the publications, a bound volume of the papers in 
his special field if they are in number sufficient to make up a volume, and 
will be permitted to buy substantially at cost the volumes covering the 
fields in which he is less interested. Muininc and MetTauuurey will 
continue to go to all members and Technical Publications will be printed 


The contents Ceetee for 
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H. G. Mois ; 
_ Chairman. 


Report of the Library Committee 


The Library belonging to the Institute is now administered as part of 


that of the United Engineering Society, the members of the Library 
Committee representing the Institute on the Library Board of the 
United Engineering Society. The main collection now consists of 115,900 


books, 3680 pamphlets, 5811 maps, and 4402 searches, making a total | . 


of 129,793, a net gain of 7701 within the year. There is in addition a 
lending collection of 1004 volumes and one of duplicates amounting to 
11,310. The library grows steadily both by gift and purchase. The 
cataloging is now substantially current covering 124,100 items represented 
by 362,145 cards. Thereare many rare and notable books, especially those 
relating to early engineering. It is truly a great treasure house of 
knowledge. While no severe effort is made to record all visitors the 
books showed 23,470 to have used the Library in 1928. In addition 
5102 telephone requests for information were answered, 202 searches and 
196 translations made and 34,964 photo prints furnished. The service 
department is maintained by small fees which cover the cost. The total 
amount appropriated for operating expense for the year was $46, 300, of 
which $8,240.02 was furnished by the Institute, $5,399.45 being derived 
as income from the Douglas Library Fund and the remainder from current 
receipts. Within the year a slight change was made in the method 
of meeting the expenses of the Library, a flat charge of $5,000 per year 
being made against each of the four Founder Societies and this being 
supplemented by a surcharge based upon membership. The effect of 
this has been for the present to decrease slightly the amount that the 
Institute would otherwise need to pay. 

Placing in one collection all the books of the four societies greatly 
increases the number of books accessible to the members of each and 
opening the Library to the public is an important factor in keeping the 
tax exemption privilege enjoyed for the building. The Director and 
Staff of the Library make every effort not only to accommodate those who 
come in person to consult the collection but members resident elsewhere 
who communicate by letter or wire. The facilities of the Library are 
truly available to all. 

-GEORGE C. STONE, 
Chairman of Library Committee. 


CIAL ID sTITUT! | REPORTS FOR, THE YEAR 


Report of Committee on Mining and Metallurey 


Minne anp Merannurey closed the year 1928 showing a small 


at the receipts, exclusive of the charge against members, dues for 
subscriptions, having been $43,067.81, and expenditures $40,925.58. In 


+ accord with the policy of the Board the budget is made each year with 


the purpose of balancing the accounts rather than the maximum of profit 


_ from the undertaking since it is the service the journal performs for 
members that justifies its existence. This service is being constantly 


increased. Within the year a number of changes have been made in the 
dress of the magazine, a new cover adopted, color more frequently 
used, and illustrations more generally employed. These changes seem 
to have been appreciated both by readers and advertisers. 

More space has been devoted to papers read before local sections and 
to the news of their activities. It is believed that this has helped mate- 
rially in sustaining and increasing the interest in such meetings. The 


. general, regional, and division meetings have also been fully reported 


and news of Board meetings, of the work of the various committees, of 
the employment service and other activities of the Institute has been 
spread before its members month by month. The 570 pages of reading 


matter printed in the course of the year constitute not only a record of 


what the Institute was doing but of what the most representative sections 
possible of the members of the mining and metallurgical professions were 
thinking. With 9000 members scattered around the world, occupying 
key positions in the industry, the Institute affords through its own journal 
an unsurpassed medium for broad contact and enables the readers with 
the minimum of expenditure of time and at no extra money expense to 
keep a general contact with the whole range of subjects touched by 
miners and metallurgists. In these days of intense specialization but 
rapid change such contact is particularly valuable. 

The more formal papers presented to the Institute are published in the 
Transactions, Technical Publications and the special volumes. MINING 
AND Merrauuurey carries abstracts of all papers published by the 
Institute and prints in full the shorter, less detailed papers and those 
which reflect work in progress rather than finished. Such papers have a 
news value which is supplemented by editorial comment, discussion by 


-members and others, and the actual news of the organization itself. 


Without therefore attempting to fill the place of a general news sheet, 
it has a timeliness that gives it an immediate value much appreciated by 
the readers. 

In accord with the general policy of the Board every effort will be 
made constantly to improve the quality of the magazine to the full 
extent that its revenue will permit. 

Your Committee feels that, through the intelligent cooperation of the 
official staff in the office, Minne anpD Merauuurey has been improved in 


44 OFFICIAL INSTITUTE REPORTS FOR THE YEAR 1928 


general appearance, in subject matter and in its financial position. We 
regard it as one of the strong arms of the Institute. Even if it should 
cost more than its income it renders such a valuable service, through 
publicity, that its publication is fully justified. All efforts, however, 
have been directed toward an equalization of expenditures with income. 
W. L. SAUNDERS, 
Chairman. 


Treasurer’s Annual Report, Year of 1928 


SraTEMENT OF RECEIPTS 


For the year ended December 31, 1928 


Dues: 

PAT CATS hep oe Gieenan Sets Lae Sap he ae ones ets ee ere eee $ 4,878.18 

Currents: tot. dart </actee: deem eter gab ok ae eee 96,174.46 

New Mem bers\ sn) ea.> sor sata needa eee aeaeseee 6,281 .50 

Dues for future periods received in advance........... 1,745.28 $109,079 .42 
Initiation Feesss tc. 48 seo Sate i ee Sie eee 7,879 .00 
Magazine Receipts: 

Advertising Gross (Receipts... .<..a1.- a6 -4-454-6seee $39,247 .77 

IMaG@aZING OAles Se acne Metre tee leiie, ae eeu ae aie eed 3,820.04 43,067.81 
Sale of Transactions Volumes 75 and 76...............-. $ 2,525.93 
Sale of Transactions and Special Editions............... 7,586 .00 
Saleiof Year Book, cut. Dee. Sa ee ee ee 141.60 
Sale of-Authors* Reprints: armacwttie orien bite aici aa 2,032.97 
Sale'of: Pamphlets: yor 7. big Bice eateate: Ieee cee eae 1,346.29 
Sale of Bindings siesta ska ect oe eee ee ee 4,551.90 18,184.69 
Interest Received: 

On Bank Balance and Temporary Investments........ . $ 2,780.75 

On: Life. Memberahip: Wumd {s:tpicstaseee eens tan 2,106.43 

On James Douglas Library Fund..................... 5,399 .45 

On General Reserve: Pimdis...\05 4: «5 1. 1a eee eee 1,995.33 12,281.96 
Miscellaneous Retéipte.)00.5.21. aa See ee See eee ; 131.16 


Total Receipts 


‘STaTeMENT oF EXPENDITURES 


i. . ‘ For the year ended December 31, 1928 ie. 
Der Miaparine Magendeines ....-.........-:-2s.-:.+: cece bee. $ 40,925.58 


All Other Publication Expenses: 


‘Transactions: ; 
: Volumes 1 to 75 inclusive.-............. $ 989.45 - J 
a WGINTEVE (Oe cio oS een ne ee 13,288 .83 5 ’ a 
os TRE Mle se 0 Hrs Rikiacfe «ou. aigsh's 951.80 $15,230.08 2 
“ae sae 
TRS Fi es ey oc a eRe NS, ne 13,999.90 
Petroleum Division—Volume ’28............... eR aware 6,424.78 3 
Petroleum Division—Volume ’29....................... 383.47 
Institute of Metals Division—Volume ’28............... 5,486.97 = 
Institute of Metals Division—Volume ’29............... 805.55 a 
Meee irameand teal Volumes.) soc csiccscs eevee cee cea 3,218 .37 
; Milling and Concentration Volume..................... 1,815.26 
RGet) DUVSICH AV OMITINE ope NENA aie sey s oie ace ecient he ane 2,470.95 
PATIL OLS week GPO CAN GS Wacaler Mcrre Teast wey Sees fetes (ols ease enka hicr c/s $c 1,338 .48 
NRE IBOOK Ca ger tas, Gio: Sais 6 fae eo elaw nee eects s 3,460.14 i 
Mtl WHMEONG eee oe ccc ees es i esp vee usta 346.65 54,980.60 : 
: Joint Activities: ' 
a ADEA: ASSCSSIMENLES . oh fila <b oss e 3.5 det ace 8 ws Soapenae $ 8,240.02 
ca AN LOVMIOM GROOT VICE atemec teens uciaetve ye eos 2 ern eis s oes 437.61 
American Engineering Standards Committee........... ~ 1,500.00 10,177.63 ‘ 
__ Meetings—Technical Committee, Local Sections: 
Local Section Appropriations... ............. 0026s... $ 4,375.00 
INEGHIENES Die OR aie 2 eS ens ee er sere a 10,231.49 
: Local Section Traveling Expense..................... 2,466.41 
- Technical Committee and Divisions.................. 1,226.19 18,299.09 
‘ Accounting, Membership and Membership Increase ; 
Departments: 
; Accounting Department Salaries and Expense....... $ 8,589.11 
4 Membership Department Salaries and Expense...... 2,990.03 
. Increase of Membership Department Salaries and 
: Cs eee a: ae Te B 4,580.82 16,159.96 
} enor Oince SAUATCN Taner aces sa shat ate te coke ete eras 36,295 .48 
Miscellaneous General Office Expense: 
; [OD TGLSRT ETE Ne Sas gree = gant ea a $ 1,944.00 
4 Stationery and-Suppliec.. of): 0)... 6.5 0c.0.--..0 EY. 1,468.21 
: Welenheonemanc Delerraphi. 5.5. s0050.8s sess sees nee 1,693 .22 
i Postage (General Office Mail).....................06. 279 .04 
4 Furniture and Fixtures (Including $1,500.00 Depre- 
EYES TOs ANd pm 2,356 .98 
Miscellaneous Office Expense................2..5-05- 542.81 
Miscellaneous Institute Expense.................5.-- 2,004.39 
Traveling Expenses of President and Secretary......... 2,501.10 
Traveling Expenses of Directors..............-...+.5- 117.09 
op dlelx pen secnmeerer Ge reaes sete, < coke sah Foret eel veh eyearsns 250.00 
Prism Oe eres Mee PRES <a stern ois Ses Sees! was 6 2 144.54 13,301.38 
RG tal pUxpencOubuncameerr erie ice tei) > «clei slershs see's «rs 2c se © s $190,139.72 
; 


‘Estate and othe 

. eering Society except 

"eBooks'in Labrary...2.,. 00) + 2-22 amen 

_ Investments ; 

Life Membership Fund.............-... $ 

- James Douglas Library Fund........... 

Robert W. Hunt Fund............. eae 
J. E. Johnson, Jr. Fund........ eee on 
James Douglas Medal Fund............ 
William Lawrence Saunders Mining 


7. 8),a) std" © .\9\ 016) pone) 6, (@ 0) ml mila fw olor imae 


Anthony, Heduncasuiundes,. ei eee 


Rocky Mountain Club Fund............ 109,500.00 
General Reserve Fund...............-- 35,733.12 
_ Total of Funds Invested......... REP ae APS ef) 327,459.95 
Gras gee Sa Sopa Perbd apse ie eed eae $ 9,617.07 } : 
Cash Invested Temporarily............... - 9,718.50 : 
Accounts Receivable..................--. 751.84 20,087.41 
Burmuurerandbixtures: sca; e. «1s oes sea $ 138,214.57 
Less Reserve for Depreciation............. 1,500.00 i714 57 
prepaid sux Pensessecewriet on sachin tees ae 514.60 
Inventory, Paperion) handy...) eer $ 2,572.71 
Transactions and Special Editions....... 19,430.00 
iS Technical Publications Binders.......... 244.24 
; Postageionshands.=..... 22 adn aaa sone 871.25 
a Pinstand Pobs.con... =. sods: suerte ees 243.99 
Supples.on: band... .:..%....eabaraee.ee 241.57 23,603.76 $915,022.65 — 
: LIABILITIES 
Accounts Payablowt sacs... 2 SRO eee ee $ 8,664.27 7 
Due the Mining Methods Committee.................. 653.38 | 
Due’ the Life Membership Fund........... $ 59,283 .92 i 
James Douglas Library Fund........... 100,000.00 < 
Roberts WeEuuntyHund ee, .anteeerete 8,448.01 
Aol Prctkolatalrovaly hey Gish an agains ve ask 3,197.10 ar 
James Douglas Medal Fund......... Be 3,145.27 f % 
William Lawrence Saunders Mining | 
Medals Hunn deter cane onan iam 7,155 .87 
Anthony E. Ticas' Bindi) a aeeeie eee 4,448 .58 
Rocky Mountain Club Fund............ 110,097 .02 
General Reserve iund 5... ... 00s w.ssen 36,656 .35 
Total due :-therBunds. 72) 15. eee aan meee ae 332,432.12 
Reserve for Life Membership Fund.................... 40,000.00 


Surplus as follows: 
Contributions by Andrew Carnegie and 


others to Real Estate................. $491,642 .36 
Tnventoriess..)..Sn.ceae eee 35,318 .33 
Available Surplus. : . A. «. oc one 6,312.19 533,272.88 $915,022.65 


: iS is ee 
ie Pry a : ae 
The following is a list rs whi 
from reports to the Seer office. Biogn 
: ¢ indicated in 


in Minine anp MeraLuurey a the | 

>» - 
y Date oF 

(pee Name DratH 


1914 AvAMs, DAvip l..c9 0 .... July 22 October 


1905 AcuitmRa, PEDRO=.>.---. 2-2 eee May3 October _ 
1902 Aurnouss, H. W........ PRR A ae = NOM. OO” December Poti 
7 1920 Avert, C.C... 7... <. wee ee July9 October 
1915 Batpwin, C. Kumeu... 05.05 oeee Aug. 9 — October: 4 
19296- Banevist, Wauran C7. .72-. ee eee Nov. 14 Junef 
BaRRON,* CLARENCE WALKER......... Oct. 2 November 
1917S BeAstmye Brin Es yea oe sees eit Aug. 31 October 
" 190122 . BEGDEN, Ost aecn shan eer c eeeeg eee nee May 15 July 
Fe 1927 Binney, Epwin, Jr............-..--~ Dee, 209. Kebruaeys 
“ae 1915 Bonsau, James Matcou............ Feb. 12 June 
aa 1917" Boru, JOBN. 54. 500. + seal ee July 12 December 
_— 1913 ~ Brapun, Euemne B. 2.05 ...0220. 50a Jan.29 March 
1889 ButxinyPRank.\.. see Mar. 25 May 
"4 1896-2 CALUAGHAN, iaclesid Renmei eee Apr. 1 
Cw 1892 >" Caatmumes Geonce..\.3 1,67 2 eee Feb. 4 April 
2 (89S = CrARK-JOSTAH Hecate ee May 7 July 
(88%. -— CopeLanp ih Kee aioe ate Nov. 10 December 
’ TOUS. we CUNNINGHAM ib. Vane eee settee eer Dec. 6 August f 
DSSS ce DANA, ees ee cern ee eh ae Aug. 20 . December 
1907 DENNIS; CumronD Goa a eee Dec. 28 Marcht 
1920° ~~ DEVanny, THOMAS. 2.n, Suk oe eae Feb.13 April 
1882 vp’Invinurers, Epwarp V............. Jan. 4 March 
T3884 DuNOAN, UMIIMit sr 2c os. de aioe. arlene Dec. 17 Februaryt 96 q 
1924 Dyrsspn, WALDEMAR................ Aug. 4 October 471 a 
1906* “EDMONDSON, Us Wenn eee Dec. 21. February} 95 
1884, inamermiron, cAS. nsenr een ane Oct. 9 Junef 298 
TOL (HG, Bo cic vise sw tuehacs etlicg 6 le Slee eR a 95 
I9U 72 SAR RAND DRAG Wc cotati: Senne eee Sept. 6 October 469 
1900, Faun, EH. INWSON...1. 09 en hoe eee Mar. 25 May 231 
1918 Fenton, Crarence M............... October Junet 298 
1908. “PHRRARIS, HR MINTO 02 eeeee eee Sept. 22 Junet 298 
1914 GALTOW AY, Acel). Et seniiase eee meee December Aprilt 215 
1024 “GRANT AT Wir .dltst career Apr. 5 June 285 | 
1917, ~ -GRandSCrirroRp: Ge. eee Jan. 26 January ft 37 
1918 . Grand) PRANK: Ein. rience ene Jan. 14 September 417 
1921. Guwoprota, C.J. °..0 ee nee tine Web. 16: 2 
1897 HARMS), TORNWST ons nes ue eee Aug. 12 November 512 
1891 EVARTRICK cei ieee Feb. 9 June 285 
1925. HocuscHitp, BERTHOLD....... 7-004. Jan. 24 April 197 
1917 -Hurron, 0S Woe Noy. 3 January tf 37 
1894 JENNINGS, ©) Jin. ah eee Nov. 17 December 560 
1925 Jonus, J. RAVENSCROFT............... Jan. 29 March 157 
1880. Jonus, J. Tee ee May 4 June 284 


* A Rocky Mountain Club member of the Institute. 
7 1929 Issue. 
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1901 
1917 
1904 
1913 


— -1913 


1914 
1924 


1901 


1924 
1891 
~ 1923 
1895 
1898 
1885 
1922 
1920 
1871 
1886 
1881 
1889 
1898 
1895 
1882 
1924 
1903 
1916 
1918 
1912 
1925 
1926 
1891 
1917 
1928 
1907 
1922 
1915 
1924 
1927 
1927 
1905 
1887 
1898 
1920 
1925 
1905 
1903 
1871 
1921 
1926 
1927 


mAs 
ee 


f DatTE oF 

FEARS NAMB DEATH 
L’Enets, E. FurMing................ Apr. 21 
LiOenmh; CHARLES. 3h. c6c5.0..% 54 oe oe Oct. 19 
Loneworts, WILLIAM................ Dec. 5 
LoucurinGe, CHARLES............... Apr. 27 
upleM pAIeMRO GS 2202.2 Tee Feb. 16 
Marsnatt, Grorce B................ 1928 
Minscwanitt Cs, 8 $3..4..5 De eee Pe Sept. 14 
McCurystat, Jackson C............. July 10 
McCormack, Cuype PREsTon......... July 8 
NASON CE ALi see Sree Bienen nee Sept. 12 
Neeprim, Jaumseeicsa ese Jan. 31 
Neweon JOHN Rise. 25 ee .. Oct. 24 
Nicnors When eee Mone: May 26 
INOREIS TR: Wie Se Se A Apr. 20 
OFLOOLE, WILLIAM Je. Pas POLS ee August 
iPaynn sauDGAR, 1 .eee aes. hl. ae Jan. 22 
IPHCHIN, LDMUND CO Rwee ese. cael Feb. 6 
PImReny vse es Peel a Tet 
PREMIER A So ah) safle titel Oo patois Ws August 
IPOLLEDO YS eS RR See May 7 
FUMES TONG) ON? Ook weit ot ap arn eee July 14 
PUA MOND Rr WED Rie SPs, OES Aug. 23 
RToRD AN, VDpnis More ui As Peek nk July 12 
RIsACHER ATE Hts. Mao) YOR June 14 
IOBERTS, ROBERE Pete. ore de ee cet Sept. 11 
ROBERTS EG: ae Siete oe so ete Sept. 28 
Ropertson, NorMAN A............-. May 24 
RiGOD;- VBRNONHD fo oa ot. eS a. May 1 
RusseLt, Emmrson C................ Nov. 14 
SCHInGET, (CHL) SA eee pee Oe Nov. 26 
ScHROMDTER, HMin? 20). 2. eee es oe Oct. 31 
SEGALL POLIUS Toe eat te es oe aah eo es Nov. 27 
SHARPLEY. HAKODD ll 4. Ae Nov. 12 
SIMON MING DE saath. Sete sae ees Oct. 28 
SMITH, WRANK MORSHy. 3.0.00 sss» Apr. i 
Smires Hows Cir Wis ee eel ee May 30 
SULELVAN MMH Soe. See Feb. 12 
UIEEANGUEN ELS ae uc ek a Senusret se Feb. 26 
DULLEVAN PEVADD ED IDWS Sahoo h. tee ee es Feb. 26 
AWG MUM A ie ar cee cred Dec. 24 
PRAVEOR OW EULEARO EL, ha Siti. atceiee ever. « Feb. 29 
mA Sepia ALMEMS teens). chivas adie ely: ae 
roma *WALTHE EH ii OSs. ek Dec. 23 
Weak OI: eVects caieteawiehie ton sihts ote e.0) Nov. 19 
WATSH OD WARD have-nots stele. wal oes May 30 
WARD WILLE AROHE UN wtestee ts stl. nats Sept. 20 
WARD AWELEARDED sea stesso ae sc Jan. 17 
WISTON MEV sas Sein ces slenies ewes January 
WHET WORTH Tar gA te crane watt. mare tse June 1 
JERE PRA SE UN betes acpecte a cectraeeicy Reine cre acme eee Apr. 8 


* A founder of the Institute. 
1929 Issue. 


Issup + 
ConTAInING 
BIoGRAPHY 
June 
February tf 


August 
March 
January ft 
February t 
September 


October 
July 
Aprilt 
Mayt 
May 

July t 
June 
March 
February 
Aprilf 


September 
October 
November 
April f 
November 
November 
July 

June 
Mayt 
May{ 
February f 
Aprilt 
Aprilf 
December 
June 

July 
March 
April 
April 
January f 
May 
November 
Aprilt 
January t 
July t 
May{ 
February 
April 
November 
May 


ol Ot 


7 AT 
1 ec t : ' - 


CERTIFICATE OF INCORPORATION 


[AmenvED Nov. 22, 1912, anp June 27, 1919.] 


hoe 

We the undersigned, being all persons of full age and citizens of the United States ¥ 
and a majority residents of the State of New York, desiring to form a corporation 
pursuant to the provisions of the Membership Corporations Law for the purpose of 
incorporating, as provided in Section 5 of Article I. of said law, the existing unincor- 
porated association known as American Institute of Mining Engineers, do hereby | 
make, acknowledge and file this Certificate for that purpose, and do Certify as follows: 

I. That the American Institute of Mining Engineers is an unincorporated associa- _ 
tion organized and existing with the object of promoting the arts and sciences con- 
nected with the economic production of the useful minerals and metals and the welfare 
of those employed in these industries by means of meetings for social intercourse and 
the reading and discussion of professional papers, and to circulate by means of publi- 
cations among its members and associates the information thus obtained. 

II. That the persons duly appointed or designated to manage the affairs of said 
association are designated by the rules thereof Members of its Council; that the under- 
signed are all members of said Council as the same was constituted on the 29th day of 
December, 1904. 

Ill. That on said last-mentioned date a regularly called meeting of said association : : 
was held at its office in the Borough of Manhattan, City of New York; that thirty 4 

% 
7 


days before such meeting notice of the intention to incorporate said association was 
given by mail to each member thereof whose residence or post-office address is known; 
that at said meeting the following resolutions were offered, seconded and duly adopted 
by the unanimous vote of all its members then present, to wit: 

“‘ Resolved, That it is the sense of the members and associates of the American © 
Institute of Mining Engineers in general meeting assembled that it is desirable and 
necessary for the well being of said association and its members and for the furtherance 
of the objects for which the same has been formed, that said association incorporate 
under the Membership Corporations Law of the State of New York; 

“And Further Resolved, That the Members of the Council of this Association, or a 
majority thereof, be and they hereby are authorized, in accordance with the provisions 
of Section 5 of Article I. of the Membership Corporations Law, to incorporate this 
association for the same purposes for which it has been organized and conducted, in the 
manner provided in Article II. of said law; : 

“And Further Resolved, That the name of said corporation as hereby adopted by 
this meeting shall be American Institute of Mining Engineers; 

“And Further Resolved, That the said incorporators shall be named in the Certifi- 
cate of Incorporation as directors of such corporation until its first annual meeting, 
and that such directors and their successors in office shall be and they hereby are 
authorized to enact and adopt a Constitution and By-Laws for the government of 
said corporation.”’ 

IV. That the name of the proposed corporation is American Institute of Mining 
Engineers. 

V. That the purposes for which this corporation is to be formed are: To promote 
the arts and sciences connected with the economic production of the useful minerals 
and metals, and the welfare of those employed in these industries by all lawful means; 
to hold meetings for social intercourse and the reading and discussion of professional 
papers, and to circulate by means of publications among its members the information 
thus obtained, and to establish and maintain a place for meeting of its members, and 
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ing of papers and delivery of addresses, and a library of books relating 


to. oe BS a el os ie 1» ay 


; cipally conducted is the United States of America, and the principal office for the 


transaction of its affairs is to be located in the City, County and State of New York. 
VII. That the duration of this corporation is to be perpetual. 

i VIII. That the number of Directors of this corporation is to be twenty-four, 

consisting of one President, two Past Presidents, six Vice-Presidents, and fifteen 


‘ other Directors; that at the annual meeting to be held in February, 1913, there shall 
be elected to serve, jointly with the six members of the former Board whose terms will 


not then have expired, one President, who shall serve as such for one year, and as 
Past President for two years; two Past Presidents to be selected from former Presidents 
of the Institute, one to serve for one year and one to serve for two years; six Vice- 
Presidents, of whom two shall be elected to serve for one year, two for two years and 


two for three years, and nine Directors, of whom two shall be elected to serve for 
- one year, two for two years and five for three years. 


After the year 1913 there shall be elected at each annual meeting one President 


to serve as such for one year and as Past President for two years; two Vice-Presidents 


to serve for three years and five Directors to serve for three years. 

At each subsequent annual meeting so many Directors only shall be elected as 
shall be necessary to fill vacancies then existing in the Board, and each Director then 
chosen shall be elected to serve for three years unless the vacancy which he shall be 
chosen to fill has been caused otherwise than by expiration of the former incumbent’s 
term of office, in which event he shall be elected to serve for the balance of his predeces- 
sor’s unexpired term. : ; 

' IX. That the time for holding the annual meeting of this corporation shall be the 
third Tuesday of February in each year. 

X. That the names and post-office addresses of the subscribers hereto who are to 
be directors of this corporation until first annual meeting are 


NAMES : Post-Orrice ADDRESSES 
PAMESACGRYICY ctu. cas isis. cee 71 Broadway, New York City; 
Mianles Ly MaMa scieele «shone! t cay 88 Wall Street, New York City; 
James) Pei Kempe deve: oan nigti Columbia University, New York City; 
Charles H. Snow...........-- New York University, New York City; 
Hrank Klepetko..: 20.00. 20%..: 24 State Street, New York City; 
Thomas A. Rickard:.......... 261 Broadway, New York City; 
James Douglass ers do node et 99 Wall Street, New York City; 
Albert R. Ledoux. 2...0G 99 John Street, New York City; 
Rossiter W. Raymond......... 99 John Street, New York City; 


The above certificate, dated December 30, 1904, was signed and acknowledged by 
the subscribers before William A. Lockwood, Notary Public (No. 74), New York 
County. 

I, the undersigned, Justice of the Supreme Court of the State of New York, do 
hereby approve of the above Certificate of Incorporation of the American Institute of 


Mining Engineers, and do authorize the same to be filed. SamunL GREENBAUM, 
January 7, 1905 Justice of the Supreme Court. 


U. OF |. 
_ LIBRARY 
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ARTICLE T 


NAME AND Osruer . 


Sxc. 1. This Institute is incorporated under the Meanbarsbig. Corporations law orks 
the State of New York; its corporate name is American Institute of Miniee,) and 
Metallurgical Engineers, Inc.; and its abbreviated title A. I. M. oer 

Src, 2. The objects of shi Institute, as set forth in its certificate of incorporation, 

. are: “To promote the arts and sciences connected with the economic production of the 
useful minerals and metals, and the welfare of those employed in these industries by _ 
all lawful means; to hold meetings for social intercourse and the reading and discussion 
of professional papers, and to circulate by means of publications among its members _ 
the information thus obtained, and to establish and maintain a place for meeting of 
its members, and a hall for the reading of papers and delivery of addresses, and a ~ 
library of books relating to subjects cognate to the sciences and arts of mining and 
metallurgy.” 


ARTICLE II 
MEMBERSHIP 


Src. 1. The membership of this Corporation shall include all those who*on the 
third Monday in February, 1928, were members and all others subsequently elected 
and qualified in accord with the By-laws of the Institute at the time of such election. 

Suc. 2. The membership shall be divided into such classes as may be from time to 
time fixed by the By-laws. 


ARTICLE III 
DIRECTORS 


Sc. 1. The business, financial, professional, technical, scientific and social interests 
of the Institute shall be managed by a Board of Directors, elected annually by letter 


ballot in the manner specified in the By-laws, to serve for the terms as set forth in the 
Certificate of Incorporation. 


ARTICLE IV 


AMENDMENTS* 


Src. 1. Proposals to amend this Constitution may be made by resolution of the 
Directors or by written petition signed by at least, ten members. Such proposals 
must reach the Secretary not later than October fifteenth. The Board of Directors 
shall consider them and, in case of petitions, the proposers shall be notified of the 
opinion of the Board in regard to them, when they may either withdraw their pro- 
posals, or accept any changes suggested, or insist on the original form. All proposals 
when in final form shall be mailed to all members on or before January first, with 
the election ballots, and with a ballot in proper form for voting on the amendment 
in its original or amended form. Ballots shall be received by the Secretary until the 
second Tuesday in February. The Tellers of the election shall count these ballots, 


~wG 


oa 
v7 


“| 


i. 


and report the result ] airman of the annual meeting. Any members present in 
_ person at the annual meeting who have not voted on the amendments by ballot 
_ Shall have the privilege of having their votes recorded before the result of the voting 

_ is announced. Any proposed amendment which shall have been accepted by a 
_ majority of the votes thus cast shall be adopted. 


aS BY-LAWS : 
P [As Revisep Fresruary 21, 1928 anp AMENDED Fresruary 19, 1929] 2 

ARTICLE I 
MEMBERS—QUALIFICATIONS AND ELECTION ‘ 


Sze. 1. The membership of the Institute shall comprise six classes, namely: 
1. Members; 2. Honorary Members; 3. Senior Members; 4. Associates; 5. Junior 
Members; 6, Rocky Mountain Members. All shall be equally entitled to the privi- 
leges of membership, excepting that no member of any class whose residence shall be 
outside of the United States of America, except those residing in Mexico and Canada, 
shall be entitled to vote. 
Src. 2. Members: A person to be eligible for election or transfer into the class of 
_ Member must be at least 27 years of age and must have had at least six years’ employ- 
ment in the practice of engineering, mining, geology, metallurgy, or chemistry, during 
: at least three years of which he must have held positions of responsibility in one or 
2 more of these fields. This shall not apply to Rocky Mountain members. 
7 Src. 3. Honorary Members: Each candidate for Honorary Membership must be 
recommended by at least ten Members and must be elected by ballot at a meeting of 
the Board of Directors by the unanimous vote of the Directors present; provided, how- 
ever, that the number of Honorary Members shall at no time exceed twenty. Such 
election shall automatically act as a transfer of such member from any other class of 
membership to which he may belong. 

Suc. 4. Senior Members: The Directors may in their discretion place on the Honor 
Roll of Senior Members and transfer from any other class of membership other than 
Honorary Membership the name of any Member or Associate who has reached the age 
of seventy years and who has paid dues for thirty years, and for good reasons in 
special cases may vary the age or number of years. 

Src. 5. Junior Members: A person to be eligible for election to the class of Junior 
Member must be qualified through education or experience to hold a subordinate 
position in engineering, mining, metallurgical, geological or chemical work. He shall 
be not more than twenty-seven years of age at the time of election. The rights of the 
present Junior Associates shall continue until the same expire by limitation of time. 

Src. 6. Associates: A person eligible for election or transfer into the class of 
Associate shall be one, who, in the opinion of the Committee on Admissions and the 
Board of Directors, is suitable for such election or transfer by reason of his interest in 
or connection with mining, geology, metallurgy, or chemistry. 

Src. 7. Rocky Mountain Members: Membership in a special class of life member- 
ships without annual or other dues and without right to receive the printed literature 
distributed to other members or the right and privilege of wearing the official badge of 
technical members, is given to all members of the Rocky Mountain Club at the time 
of consolidation. ‘These special Rocky Mountain memberships shall be claimable by 
any member of the Rocky Mountain Club, not already a member of the Institute, 


availing himself of the privilege wit shir 


rt Pe oe ae 
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the Secretary of the Institute. Se as le . 
Src. 8. Student Associates: There shall be a separate class known as “St 
Associates”’ who shall not be members and who shall have none of the privileges 
members except as provided in this section. A student in good standing in an 
approved school, who has not taken his degree and who has been nominated by 
least three instructors of the nominee (one of whom must be an Institute member), 
may affiliate with the Institute as a Student Associate by payment of two dollars 
annual fee, for which he shall receive Min1nc AND Meratxurey or Technical Publica- 
tions and be privileged to attend meetings of the Institute and to use the Engineering 
Societies Library and the Employment Service. A Student Associate may remain ‘ 
such not longer than until December 31 of the year in which he leaves school (and in | 
any event not more than four years), at the end of which his affiliation as Student 
Associate shall cease. ; 

Src. 9. Every candidate for election as a Member, Associate, or Junior Associate 
must be proposed for election by at least three Members or Associates, must be 
approved by the Committee on Admissions, and must be elected by the Board of 
Directors, and not less than three-fourths of the votes cast shall be necessary to 
election. At its discretion the Board may accept membership in recognized technical 
societies in lieu of two of the proposals. The Committee on Admissions shall formu- 
late a set of rules of procedure in acting on applications which, after approval by the 
Board, shall have the force of By-laws until revoked or amended. 

Src. 10. Newly-elected candidates shall be immediately notified of their election 
and also of their obligations by the Secretary of the Institute. Every person so 
elected shall become a Member, Junior Member or Associate of the Institute in the 
class to which he is chosen only upon payment of his initiation fee and first year’s 
dues, as required in Article II. 

Src. 11. If any person elected a Member, Junior Member or Associate does not 
within four months after the mailing of notice of his election accept the same and pay 
his initiation fee and dues for the year in which he was elected, his election shall be null 
and void and he shall be notified thereof by the Secretary of the Institute. 

Src. 12. The Board may at any time, for good and sufficient reasons, change the 
classification of any member. 


ARTICLE II ite 
INITIATION Frn AND Duss 


Sec. 1. Each newly-elected Member or Associate shall pay, immediately on notifi- 
cation of his election, an initiation fee of twenty dollars; Junior Members shall pay ten 
dollars initiation fee, and on transfer to Associateship or Membership shall be liable 
for ten dollars additional. Honorary Members shall not be liable for initiation fees. 

Suc. 2. The dues of Members, until otherwise determined by the Institute, shall 
be fifteen dollars per annum, but dues shall not be required of either Honorary or 
Senior Members. Dues of Associates shall be fifteen dollars per annum, and those 
of Junior Members ten dollars per annum for the first six years of membership as a 
Junior Member, and thereafter fifteen dollars. Student Associates who apply for 
Junior Membership within six months after leaving school shall have their first year’s 
dues remitted. Members, Junior Members or Associates elected on or after July 
first of any year shall pay, on receipt of Treasurer’s statement, one-half only of said 
amount for the year of election, and if elected in the month of October, November, or 
December, the candidate may defer acceptance to the first of the following year with- 
out loss of status. All dues shall be payable in advance on the first day of each cal- 
endar year except as provided in this section and notice to this effect shall be published _ 


_ pill shall be mailed to each Member, Junior Member and Associate on or before the 


I Mie last oleae of the Poathly magazine of the Institute in each calendar year. A 

_ first day of the month of January in each year, stating the amount of annual dues and 

date when payable and the penalty and conditions incident to default in payment. — 
Sxc. 3. Any Member or Associate may become, by the payment of two hundred and 


twenty-five dollars at one time, a Life Member or Life Associate, and shall not be 


liable thereafter to pay annual dues. The money thus received shall be invested and 
ealy the income thereof used for current expenses of the Institute. 


ARTICLE III 


RESIGNATIONS, SUSPENSIONS AND EXPULSIONS 
Sec. 1. All resignations of membership shall be made to the Secretary in writing. 
The resignation of a Member, Junior Member or Associate shall be accepted by the 
Board, subject to the payment of all outstanding dues and obligations of the resign- 


ing member. A member who shall have resigned or whose membership shall have 


ceased in accordance with the provisions of this Article, or who shall have been 
expelled, shall be obligated for no further dues beyond the then current year. 

Sec. 2. Any Member, Junior Member or Associate who fails to pay his dues or 
other indebtedness within four months after the same become due, may at the end of 
such time be suspended by the Board of Directors and shall then no longer be in good 
standing. He shall not receive the publications of the Institute until the account is 
paid. If any indebtedness remains unpaid for two years after the same becomes due 
his name shall automatically be dropped from the rolls, unless the time of payment 
shall be extended by the Board. The Board may reinstate a member who has been 
dropped or suspended under this Section. : 

Src. 3. Any member belonging to any class of membership in the Institute who 
shall be convicted of a crime involving, in the opinion of the Board of Directors, 
moral turpitude shall, upon the passage of the Board of Directors of a resolution 
declaring the crime for which he has been convicted to be of such character, be 
thereupon dropped from membership in this Institute. 

Src. 4. Any member belonging to any class of membership in the Institute may be 
suspended or expelled by the Board of Directors for professional misconduct or, in 
case of citizens of the United States of America, for disloyalty to the Government 
of the United States of America, after charges setting forth such misconduct or dis- 
loyalty shall have been prepared and filed in writing with the Board. The Board shall 
appoint a committee on members’ conduct, to consist of three past-presidents of the 
Institute, whose duty it shall be to examine into any charges or complaints against 
members and, if in the judgment of the committee the facts warrant, shall prepare and 
file with the Board formal charges against such member as specified above. As soon as 
may be after the receipt of such charges the Board shall fix a date for a hearing 
thereupon, and shall give to the accused member notice thereof in writing, mailed to 
him by registered mail at his last known post office address not less than thirty days 
before said date, accompanied by a copy of the charges and a copy of this article. 

Src. 5. On the day fixed for the hearing, the accused member may appear before 
the Board, either in person or by an accredited representative; hear any witnesses 
who may be called in support of the charges and, at his option, cross-examine the 
same, and hear read any documentary evidence offered in support of the charges. The 
accused may, in his discretion, produce and examine witnesses in his defense, and 
submit documentary evidence, in¢luding a statement from himself in writing. After 
the conclusion of the hearing, the Board of Directors shall consider and vote to 
approve or disapprove the charge. If the Board shall, by a vote of two-thirds of its 
members, declare the charges sustained, it may suspend the member for a stated 


period or expel him. 
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‘shall be conclusive. 


Pine Board a0 fix a date for a hearin hin three months from the rec 

affidavit, and shall immediately notify the accused member by registered 
such date. Upon the rehearing, the accused shall have the same privilege o 
senting his defense as he would have had on the original hearing; and after the def 
is presented, the Board shall take a new vote upon the charges, the result of w. 


Suc. 7. If the accused renee upon receipt of charges shall fail to appear after 
thirty days’ notice as above, or shall fail to file an affidavit as set forth in Section 6 — 
above, or after receipt of such affidavit shall then fail to appear, the Board may then 
by a two-thirds vote suspend or expel such member. 


ARTICLE IV 


MEETINGS OF THE INSTITUTE 


Ssc. 1. The annual meeting of the Institute for the election of Directors and trans- 
action of other business shall be held at the headquarters of the Institute in the City of 
New York on the third Tuesday in February in each year, or at such other place as the 
Board of Directors may appoint upon notice to all Members, Junior Members and : 
Associates entitled to vote directed to each at his last known post office address, and 7 | 


’ 


mailed not later than the first day of January preceding. A report of the financial 
condition of the Institute and reports of the principal officers and standing committees 
shall be furnished by the Directors, and presented at each annual meeting. : 
Src. 2. Special business meetings of the Institute may be held at such times and \4 
places as the Board of Directors may appoint upon twenty days’ notice to members 
given as provided in Section 1. 
Sec. 3. At all business meetings of the Institute the presence of as 
Members, Junior Members and (or) Associates shall constitute a quorum and the 
order of business shall be such as shall be fixed in advance by the Board of Directors. re 
Sec. 4. At all business meetings of the Institute, Members, Junior Members and 
Associates entitled to vote may vote only in person. Any matter which is presented 
over the signatures of twenty-five Members, Junior Members or Associates, asking for 
decision by the membership or which is advocated or opposed by twenty-five Mem- 
bers,“Junior Members or Associates present at a business meeting of the Institute on 
which matter decision is requested, or which the Board of Directors may wish to refer 
to the membership for decision, shall be sent out to the membership for a vote thereon 
by letter ballot, accompanied by a statement prepared by the Board of Directors 
giving the arguments for or against its adoption. Members, Junior Members and 
Associates residing within the United States of America, Mexico, and Canada, and not 
in arrears for dues shall be entitled to vote at meetings of the Institute in person or by 
letter ballot as hereinafter provided. 
Suc. 5. All meetings of the Institute other than business meetings shall be held at 
such times and places as the Board may appoint. Notice of all such meetings shall be 
given to all Members, Junior Members and Associates by mail or by publication in the 
monthly magazine of the Institute. 


ARTICLE V 


MEETINGS OF THE BoarpD or DireEcTors 


Sec. 1. A regular meeting of the Board of Directors for the election of officers 
and the transaction of other business shall be held in February of each year, after 
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Pr latter i is held. 
“$3 ‘Src. 2. The Board of Directors stall also meet once each month, except in July 
F and August, for the transaction of such business as may come before it. 


‘the cragali vine meeting of the. Institute ae adjourned at the place milters the : 


__ Any member of the Board of Directors residing more than fifty miles from the 
City of New York, upon request, shall be paid his actual railway and Pullman fares 
to and from his residence for attendance at the Annual Meetings held during his — 
term as Director, and similar expenses upon such request shall also be paid to such 
member for attendance at not more than three other Directors’ meetings held in 
each year of his term. 

Special meetings of the Board shall be called by the Secretary at the request of 
the President, First Vice-President, or any three members of the Board, to meet 
at any time and place, by notice mailed to the members of the Board at least ten 
days in advance, or by telegram sent at least five days in advance of the date of the 
meeting to members in North America. 

Src. 3. At all meetings of the Board of Directors the presence of eight members 
shall constitute a quorum. In the absence of said quorum at any meeting of the 
Board, a quorum of the Executive Committee, if present, shall transact such neces- 
sary business as is within the powers delegated to that Committee. 

Sec. 4. The Chairmen of Local Sections or appointed representatives thereof, 
and the Chairmen of Technical Committees or Divisions of the Institute, if not 
members of the Board of Directors, the Counsel of the Institute, and all Past Presi- 
dents shall be notified of and have the privilege of attending all meetings of the 
Board, but without the right to vote. They may participate in discussion, and 
shall receive the minutes of the Board’s meetings. 


ARTICLE VI 


DIRECTORS AND OFFICERS 


Sec. 1. The Board of Directors shall consist of a President, two Past Presidents, 
six Vice-Presidents, and fifteen Directors. Eight Directors shall be elected annually 
by letter ballot: One of said eight shall be designated as ‘‘Director and President” 
and two shall be designated as ‘‘ Director and Vice-President.” 

Src. 2. The officers of the Corporation, who shall also be termed the respective 
officers of the Institute, shall be a President, six Vice-Presidents, Secretary, and 
Treasurer. The President shall be that Director who is chosen at the annual elec- 
tion as ‘‘President.’’ He shall serve as President for one year, and for the subse- 
quent two years of his directorate be termed “Past President of the Institute.” The 
President shall be ineligible for reelection as such until two years after the expiration 
of his term as President. 

At the first meeting of the Board of Directors after the annual business meeting 
of the Institute, the Board shall elect a First Vice-President, to hold office for one 
year, from among the Vice-Presidents of the Board; a Treasurer from among the 
members of the Board, and a Secretary, who may or may not be a member of the 
Board, to serve for one year. The Secretary or the Treasurer may be removed 
from office at any time by a unanimous vote of the Directors present at a special 
or regular meeting of the Board, due notice having been given in advance that such 
action is to be considered at said meeting. The Secretary shall receive such salary 
as may be fixed by the Board of Directors. 

The duties of all officers shall be such as usually pertain to their respective offices, 
together with such other duties as may from time to time be prescribed for them by 
the By-laws or by the Board of Directors. The Treasurer shall give a bond for the 
faithful performance of his duties, in a sum to be fixed by the Board of Directors, 
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but at the expense of the Towtdeae > 
in advance by the Board of Directors but 
a longer period than one year. 

Src. 3. In the event of a vacancy occurring in the Board of Directors | 
resignation, promotion by election as President or Vice-President, or for any otl 
reason than retirement at the end of three years’ service, the remaining memb 
of the Board shall elect a successor to fill the vacancy and to serve for the unexpired — 
term. A member of the Board whose term has not expired and who is elected Presi- 
dent or Vice-President at an annual election shall be considered to have vacated the 
former office held by him, and the Board shall fill the vacancy as above provided. 

Src. 4. The Board of Directors may, from time to time, in its discretion, appoint — 
any Past Secretary of the Institute “Secretary Emeritus,” for such term and with 
such compensation and duties as the Board may designate. 

Src. 5. The Board may also at its discretion appoint one or more Assistant Sec- 
retaries and, or, an Assistant Treasurer, and may define their duties. 

Src. 6. The Board of Directors may appoint standing and special committees 
charged with such duties as the Board may assign. Such committees shall be directly 
responsible to and report to the Board; and take only such responsibilities as the 
Board shall authorize. 

Src. 7. The Board shall have power to appoint and to remove representatives of 
the Institute on such boards or committees as it may deem wise, and may require 
from them such reports as it may consider necessary or desirable. 


no. salary shall be so fixed in. 


ARTICLE VII 


DutTIEs OF CERTAIN OFFICERS 


Src. 1. Secretary: The Secretary shall keep a record of the proceedings of all the 
meetings of the Institute. He shall be custodian of the corporate seal, of the minute 
books, and of all the legal documents belonging to the Institute. He shall have 
charge on behalf of the Institute of all correspondence. He shall notify all Officers 
and Directors and all members of committees of their election and appointment; 
shall issue notices of all meetings of the Board, and of the annual and other business 
meetings of the Institute; and shall, in calling special meetings of the Directors, 
specify the objects of such meetings. He shall act as clerk at all the meetings of 
the Board of Directors and at all meetings of the Institute at which he is present. . 
He shall be custodian of all technical or scientific papers submitted to the Institute 
for its consideration and shall have general charge and supervision of the editing 
and proofreading of all material published by the Institute, and of the distribu- 
tion thereof. 

The Secretary may, with the approval of the Board of Directors, employ such 
persons as are necessary to constitute a clerical force, at such salaries as shall be 
approved by the Board of Directors or its Executive Committee. He shall be the 
immediate superior of all such employees. 

The Secretary shall do and perform such other duties as may from time to time 
be assigned to him by resolution of the Board of Directors, and the Directors shall 
have power, by resolution, to take from the Secretary and to delegate to any other 
officer any of the duties o the Secretary. 

Suc. 2. Assistant Secretaries shall perform such portion of the Secretary’s duties 
as may be assigned by the Board or the Secretary. 

Sec. 3. Treasurer: The Treasurer shall receive and, under the direction of the 
Board of Directors, shall disburse all funds of the Tustin! He shall keep regular 
accounts in books E Aeaeine to the Institute, which shall be open to any member 
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: He shall report in writing at each annual meeting of the 
Institute, and- aide every regular meeting of the Board of Directors, the balance of 


.. money on hand, and any existing appropriations which may affect the same. 


His accounts shall be audited annually by the Finance Committee. The Com- 
mittee may employ a public accountant to assist it, at the expense of the Institute. 
The funds of the Institute shall be paid out by cheeks signed by the Treasurer and 


- countersigned by the Secretary; in case of absence or disability, the President or 


First Vice-President may act for the Treasurer, or any Vice-President for the Secretary, 
but the Treasurer may, at his discretion, place funds of the Institute, not at any time - 
exceeding twenty-five hundred dollars, at the disposal of the Secretary’s office for the 
purpose of paying the smaller current expenses of the Institute and may also establish 
a pay-roll account. Such funds shall be banked in the name of the Institute and 
drawn by checks signed by any two of the following persons: Secretary, Assistant 
Secretary, Assistant Treasurer, or Office Manager. The Treasurer shall examine this 
account each month and reimburse it by means of checks drawn on the regular 
accounts of the Institute. 

The Treasurer shall be solely responsible to the Institute for all moneys received, 
whether the same are entrusted to others or not, and may require from any one to 
whom he entrusts funds a bond, running to the Treasurer personally and taken at the 
expense of the Institute. 

The Treasurer shall do and perform such other duties as may from time to time be 
assigned to him by resolution of the Board of Directors, and the Directors shall have 
power by resolution to take from him and to delegate to any other officer any of the 
duties of the Treasurer. 

The Assistant Treasurer shall do and perform such duties as may from time to 
time be assigned to him by the Board of Directors. 


ARTICLE VIII 


COMMITTEES 


Src. 1. Executive: At the first meeting of the Board of Directors after the annual 
meeting of the Institute, the Board shall appoint, on recommendation of the President, 
an Executive Committee of five of its members, three of whom shall constitute a 
quorum. The Committee shall have all the powers of the Board of Directors when 
the Board is not in session, including the fixing of salaries of employees, except that 
it may not: fill vacancies on the Board nor elect or fix salaries of officers; vote extra 
compensation to officers; vote extraordinary expenses or incur obligations of over five 
hundred dollars; take action on already invested funds or property rights of the Insti- 
tute except as authorized in advance by the Board; elect Honorary Members; expel 
Members; or perform any other act that the Board may interdict. 

Src. 2. Finance: The Board shall appoint, at its first session following the annual 
meeting of the Institute, a Finance Committee consisting of three of its members. 

It shall be the duty of the Finance Committee to inquire into and examine the 
financial condition of the Institute and to consider proper means of increasing its 
revenues and of limiting its expenses. It shall report at each monthly meeting of the 
Board, and at other times whenever it shall desire or be directed so to do; and the 
Treasurer shall at all times furnish it with such statements and information as it may 
desire. It shall determine, with the approval of the Board, the investment of such 
surplus moneys as shall belong to the Institute. It shall, at least once in each year, 
examine the securities belonging to the Institute, and report thereon to the Board. 
It may, at any time, examine the books and vouchers of the Treasurer and Assistant 


Treasurer. ‘The Treasurer shall not be a member of the Finance Committee, but 
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- least one member of the Committee. The Committee shall not authorize any pay- 
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Fall attend the meetings of the same if re 


present a budget to the Directors at th 
Institute. This budget shall give ani 
of the Institute for the ensuing year. The s 
first meeting after the annual business meeting of the Institute, modifying it as they 
consider necessary, and make definite, detailed appropriations for the following year. 2 
All bills, accounts, salaries, pay-rolls and claims of every kind against the Institute | 
shall, before being paid, be examined by the Finance Committee and be approved by at , 


ments in excess of appropriations. If at any time any of.the appropriations seem in 
danger of being insufficient, the Finance Committee shall report the same to the 
Directors. 

Sxc. 3. Admissions: The Committee on Admissions shall consist of five members of 
the Institute, with three alternates, the Chairman and at least one other member being 
chosen from the Board of Directors, and shall be appointed by the Board, on recom- 
mendation of the President, at the first meeting of the Board after the annual business 
meeting of the Institute. It shall meet at least once a month, but at the Committee’s 
option may waive meeting in any of the summer months. It shall make its own rules 
of procedure in conformity with these By-laws and subject to the approval of the 
Board. Its proceedings shall, if required by the Board, be reported to it, but other- 
wise shall be secret and confidential. No member of the Committee shall propose any 
candidate and no person shall be considered for election to the Institute within one 
year after his name shall have been rejected by the Board. 

Src. 4. Papers and Publications: The Committee on Papers and Publications shall 
consist of the Secretary of the Institute, and at least twelve members of the Institute, 
to assist in passing on all papers offered for publication. They shall be appointed 
annually by the Board of Directors, on recommendation of the President, and shall 
have authority, subject to appeal to the Board, to accept or reject papers for publica- 
tion in the TRANSACTIONS and TECHNICAL PuBLICATIONS of the Institute. The Com- i 
mittee shall formulate a set of rules of procedure which, when approved by the Board, : 
shall have the force of By-laws until revoked or amended. 

Src. 5. Library: The Library Committee shall consist of the Secretary of the 
Institute and four other Members or Associates of the Institute, one being appointed 
annually by the President, at the first meeting of the Board after the annual business 
meeting of the Institute, to serve for four years, in conformity with the By-laws of the 
United Engineering Society, approved by the Board of Directors of the Institute. 
The Library Committee shall constitute the official representatives of the Institute on 
the Library Board of the United Engineering Society, and be guided by the By-laws 
of that Society, as approved by the Board of Directors of this Institute, with full power 
to act for the Institute within the appropriations allowed by the Board of Directors. 

Suc. 6. Technical Committees: Technical Committees may be authorized by the 
Board of Directors, charged with the consideration of such topic or topics as the 
Board may assign, and having the duty of providing papers and discussions on such 
topics for the meetings of the Institute. The Board shall designate the officers 
thereof, who shall hold office for one year or until their successors are appointed. 
Each Committee may adopt such rules as are necessary for the orderly conduct of its 
affairs, subject to the approval of the Board of Directors. 


ARTICLE IX 


NOMINATION AND ELECTION oF DIRECTORS AND OFFICERS 


Sec. 1. A ticket of nomination for offices and places annually falling vacant on the 
Board of Directors shall be prepared by a Committee on Nominations, of which no 
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member shall be, at the time, on the Board. This Committee shall consist of the 
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Chairmen of three Local Sections, one ex-President, and three other members of the 
Institute, and, on recommendations made by the President of the Institute, shall be 
appointed by a vote of the Board of Directors at the meeting of the Board held in 
the month of May, and it shall then proceed to the selection of candidates and the 


naming of a ticket. In making such selections, the Nominating Committee shall, so 


far as practicable, distribute the representation on the Board geographically, provided 
that seven Directors shall be residents of New York City or the territory within a 
radius of fifty miles of the headquarters of the Institute. 

The official ticket thus formulated shall be transmitted to the Secretary in time to 
be submitted to the Board at its October meeting for its consideration, published in 
the November monthly magazine, and not later than January first it shall be printed 


‘and sent to the membership. Any complete or partial ticket of nominees signed by 


any twenty-five Members or Associates of the Institute and transmitted to the Secre- 
tary by December fifteenth shall also be printed and circulated with the official ticket 


_ and over the names and with the recommendations of the nominators, together with 


an expression of opinion of the Board thereon if deemed expedient. 

Sec. 2. The election ballots mailed with the nominations shall contain space for 
the naming of eight Directors, of which the first shall be designated: ‘‘For Director 
and President,” the second and third: ‘For Director and Vice-President,” and the 
rest: “For Director.” They shall be accompanied by small inside adhesive envelopes 


marked: “Ballot. Do not sign,’’ and outer mailing envelopes addressed to the | 


Secretary and marked ‘‘Enclosing Ballots only.”” Members voting shall not sign 
their names to the ballot, but seal it in the inner envelope, enclose it in the outer mailing 
envelope, and write their names on the outside, in the place provided. Cumulative 
voting shall not be permitted. Letter ballots must reach the Secretary on or before 
the second Tuesday in February. He shall give them unopened to tellers, to be 
appointed by the Board of Directors at its January meeting, at least three days 
before the annual business meeting, marking plainly those from members not entitled 


to vote, because of geographical location or by being four months or more in arrears | 


for dues. The tellers shall reject unopened any ballots unidentified by the name 
of the sender on the outer envelope and shall open and count the valid ballots received 
from members entitled to vote; they shall prepare a report of the voting and hand 
it to the chairman of the annual business meeting of the Institute. The latter shall 
declare elected to the respective offices the eligible persons receiving the highest 
number of votes. The ballots and unopened letters shall be returned to the Secretary 
at the annual business meeting; the latter shall preserve them one month, and then 
destroy the ballots which have been counted, and open and destroy the others. 


ARTICLE X 


Src. 1. The publications of the Institute shall consist of a Year Book, the Trans- 
actions in one or more volumes, a monthly journal called Mintne anp METALLURGY, 
a series of individual papers called Technical Publications, and such special volumes 
and pamphlets as the Board may from time to time authorize. All members in good 
standing shall receive the Year Book and Minine AnD Meratuurey, and from the 
annual dues of each there shall be deducted three dollars, which shall be applied as 
subscription to said journal for the year covered by said payment. All Members, 
Junior Members and Associates in good standing shall receive free each year one 
volume of Transactions, and be allowed to purchase other volumes at special prices 
fixed by the Board. All publications, including the special volumes and (or) papers 
accepted for presentation at meetings of the Institute, may be printed and distributed 
to members under such regulations as to price and distribution as the Board may 
from time to time adopt not inconsistent with this section. 
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Src. 1. Divisions: Protesaanel ercuwe to be known as Divisions af the In sti 
and to be organized from its members may be authorized by the Board of Director 
Any member of the Institute may register for membership in any Division in which } 
is interested and may resign therefrom, provided he be under no financial 
obligation thereto. 

The officers of a Division shall be a Chairman, one or more Vice-Chairmen, a 
Secretary-Treasurer, and an Executive Committee. The Chairman, Vice-Chairmen, 
and Secretary shall be ex officio members of the Executive Committee of the Division. 
All officers of Divisions shall be elected annually by the members of the Divisions, and 
shall take office at the close of the meeting at which they are elected. They shallhold 
office for one year or until their successors are elected. A Division shall have the right 
to make rules for its own government, subject to the approval of the Board of Directors, 
not inconsistent with the Constitution and By-laws of the Institute. The Board 
of Directors have the right to amend, annul, or add to these rules. Any. Division 
may raise or collect funds to be expended for its own purposes and may have the entire 
management and control of such funds in so far as said management or control does 
not conflict with the provisions of the Constitution and By-laws of the Institute. 
The Board of Directors shall have the right to recommend the dissolution of any 
Division subject to approval of such recommendation at any annual meeting of the 
Institute, in which case the net property of such Division shall be divided pro 
rata among all members thereof in good standing. Each Division shall furnish the 
Board of Directors such financial statements of its affairs in such form as the Board of 
Directors may require. 

Src. 2. Local Sections: A Local Section of the Institute may be authorized by the 
Board at the written request of ten members residing within an appropriate distance of 
a central point. Only one Section shall be authorized in any one locality or district 
and the Board shall define the territory of each Section. A Section must include at 
least twenty-five members. The Board shall have the right at any time to cancel a 
Section or to readjust its boundaries. ‘ 

Only Members, Junior Members and Associates of the Institute may be voting 
members of Local Sections, but Student Associates and others, upon terms laid down 
by the Local Section and approved by the Board, may become Affiliates or Associates 
of the Local Section. 

All members of the Institute residing within the territory of the Section shall be 
eligible for membership in such Section. But any such person failing within three 
months, after due invitation, to become a member of such Local Section, shall there- 
after be admitted to its membership and privileges only by such conditions as said 
Local Section shall determine. 

The officers of a Local Section shall be a Chairman, Vice-Chairman, Secretary, 
Treasurer (or Secretary-Treasurer), and such others as the Section may desire. 

It shall be the policy of the Board of Directors of the Institute to contribute from 
its funds for the necessary running expenses of each Local Section, when and so far 
as practicable, an amount not exceeding, in each year, twenty-five per cent. of the 
dues received from the resident members of said Section in said year, but in no case 
exceeding the sum of two hundred and fifty dollars. Requests for such appropriation 
shall be signed by the Chairman, Secretary and Treasurer of the Section. If the 
expenses of a Section exceed the appropriation made by the Board, the difference may 
be made up by voluntary contributions or local dues from the members of said Section 


as the latter may determine. The Institute shall not be responsible for the debts of 
any Section. 
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z me aes ree oe eae Sections, and discussions thereon, if enoried, shall 
; be the property of the Institute. Such papers shall not be published elsewhere in 
_ extenso without permission of the Board. The reading of a paper before a Local 


. Section shall not carry with it the right of publication by the Institute but shall entitle 
it to consideration by the Papers and Publications Committee. 

Local Sections shall be at all times subject to such general regulation as the Board 
may from time to time elect. 7 

Sec. 3. The Board of Directors may arrange conditions for the affiliation or merger 
with the Institute of any regularly organized group of engineers, or any engineering 
society, or any association, or club, whether heretofore or hereafter incorporated, 
or otherwise, which by aims, constitution, by-laws, or practice, is in accord with the 
aims of this Institute. 

Any society of undergraduates at a technical school, comprising students in any 
branch of engineering, metallurgy, chemistry, geology, etc., may be recognized by 


_ the Board, in its discretion, as an Affiliated Student Society with such rights and 


privileges as the Board may from time to time by general regulation establish, except 
that the individual members of such a society are through such affiliation not to 
become members of the Institute. The affiliation may be dissolved at any time by 
the Board or the Society. 


ARTICLE XII 


AMENDMENTS 


Sec. 1. The Board of Directors shall have power to make, amend, or repeal 
these By-laws by a vote of the majority of the Directors present at any regular meet- 
ing of the Board at which a quorum is present, ProvipED, however, that at least eight 
members shall vote in favor of such making, amendment, or repeal, PRovipEp, 
Furtuer, that notice of intention to make, amend, or repeal the By-laws in whole 
or in part, shall have been given at the second preceding meeting, and copies of 
such amendments shall have been mailed to all the members of the Board at least 
twenty days before the meeting at which they are voted on and shall have been 
printed in one issue of Minina AND MeErauuurey. 

Sec. 2. Any Member or Associate of the Institute in good standing may propose 
amendments or additions to these By-laws by sending such in writing to the Secretary. 
The proposal shall be brought before the Board at its next meeting, and, if spon- 
sored by any one member of the Board, shall pass through the course required in 
the previous section. If the proposal is not so sponsored, it shall be returned to the 
proposer. 

Src. 38. Amendments or additions to these By-laws may be proposed by sending - 
the same in writing to the Board of Directors so that they are received by them at 
least sixty days before a business meeting of the Institute, and provided they be 
endorsed by the signatures of at least twenty Members or Associates in good stand- 
ing at the time. 

It shall be the duty of the Board of Directors to have such proposals printed in 
the next succeeding issue of the monthly journal, and to provide proper facilities for 
a vote of the membership thereon by letter ballot before the said business meeting. 
If favored by a majority of the ballots cast, the amendments shall be reported at the 
said business meeting as adopted, and shall thereupon become effective. 
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Cycles in Metal Production* 


By D. F. Hewert,t Wasuineton, D. C. 


_ (New York Meeting, February, 1929) 


ALTHOUGH most persons will agree that an individual or a nation can 
profit from the experience of other individuals or nations, there is always 


-room for debate over the degree of similarity of their past and present 


conditions and of their future problems. Noting the increasing interest 
that Americans are showing in our mineral problems, I have felt that 
we could profit from reviews of the experiences in mineral exploitation 
acquired by the industrial nations of Europe. Whether we can learn 
much from Europe’s experience in exploiting such minerals as petroleum 
may be debatable, but certainly, with a record of metal production 
extending back nearly 3000 years, Europe should hold much of 
value for America. 

A trip to Europe in 1926 permitted me to visit 28 mining districts, 
of which about half are now or have been in times past outstanding 
sources of several metals. The districts range from England to Greece 
and from Spain to Poland. To summarize briefly my impressions of 
these mining districts, as well as such reactions to the thought and life 
of Europe as so short a visit permits, I shall only venture the opinion 
that Americans can review with great profit the ideas and actions of 
Europeans, with regard not only to the production of metals but to many 
expressions of life. I believe that America has made and is making new 
contributions to the art of living, as well as to the arts of mining and 
metallurgy, but in so far as Europe is and has been a laboratory of 
economic, social and political experiments, the results she has attained 
deserve the thoughtful attention of America. I have come to believe 
that many of the problems that harass Europe lie in our path not far 
ahead. I have therefore hoped that a review of metal production in 
Europe in the light of its geologic, economic and political background 
may serve to clear our vision with regard to our own metal production. 

One can not examine the literature of national metal production 
without being impressed that the countries of continental Europe, 
especially Germany and Austria, have shown greater interest and devoted 
more time to research into the record of metal production than Great 


* Published by permission of the Director, U. S. Geological Survey 


+ Geologist, U. 8. Geological Survey. 
65 


Trans. (1929)—5. 


Britain and America, although in Great Britain inereased: in 


the World War is fast making up for an earlier deficiency. This interest 
has expressed itself in many ways, notably in exhaustive historical _ 


summaries of activities in mining districts, studies of the relation of" 
production to price, and estimates of reserves. Is it significant, however, 
that the best summary of production of copper in England that I have 
been able to find was prepared by a German and printed in the Prussian 


- annual review of mineral production? 


In making these reviews, the Germans especially have given most 
attention to the unit which we know as a mining district. Whatever 


of value may be attached to statistics of national production, the data — 


that concern a district are more basic. As a geologist, I feel partial 
to such data, because commonly a district is essentially a geologic unit, 
and geologic features determine the amount of the metals that may be 
expected to come out of it. National statistics are necessarily aggregates 
of district statistics. . 

Obviously, in a brief research I have been able to consider only a 
few sources of the metals in Europe, perhaps 50 out of a total of many 
hundreds. In order that the conclusions may have value, however, I 
have chosen districts which have been important sources during some 
epoch of the last 300-years or more. 

In making this review, I have had several objects. One object is 
concerned with the behavior of the different geologic types of metal 
deposits under exploitation. With its long record of production, Europe 
should be able to indicate the behavior in depth of many varieties of ore 
deposits. The review should also yield an opinion as to the state of 
exhaustion of the ore deposits that have been important in the industrial 
history of Europe. In the third place, a comprehensive appraisal of 
our own mineral reserves should recognize a relation between past and 
future production. It seems to me that there are two kinds of reserves. 
One kind, which may be called “tangible,” is the part reasonably in 
sight. This part is closely related to that which has already been 
extracted, and the records of the past in geology, technique and cost 
are trustworthy guides concerning its availability. The other kind may 
be designated “intangible” and includes all the materials that, from one 
or another process of geologic reasoning, may be cohpidental to exist. 
For the intangible reserves, the records of the past afford few clues, and 
there is a wide field for speculation. I need only add that no sharp 
distinction separates the two kinds. 

Another object of this review is concerned with the attitude of the 
different national groups toward mineral exploitation. There should 
be much for Americans to learn from Europe’s long experience as a guide 
to a national point of view that may be expressed as a national 
mineral policy. 
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Factors or Mertat Propvuction 


As I see it, the causes that lead to metal production are multiple— 
so numerous that I can almost persuade myself that their number exceeds 
those underlying any other activity that yields tangible goods. Man 
must eat food and wear clothes, and the agricultural arts must satisfy 
his needs in those respects. But even in our modern world, with its 
diverse sources of foods and textile materials, man’s unit consumptive 
capacity for these products does not greatly change from one year to 
another. On the other hand, his consumption of metals grows with the 
increasing complexity of civilization and it seems now as if his appetite 
would never be satisfied. 

Necessarily any precise interpretation of the production record of a 
district must contemplate the possible effect of many influences. I shall 
enumerate only those groups of factors which seem most important to me. 


Geology 


First, there are the geologic factors, which are concerned with the 
minerals present; their number and kind, which determine whether the 
problem of recovery is simple or complex; the degree of their concentra- 
tion or dissemination; their border relations; the shape and extent of the 
recognizable masses. These geologic factors seem to determine how 
much of each metal may be ultimately recovered. 


Technology 


Second, there are the technical factors of mining, treatment and 
refining. A review of these leaves a vivid impression of the labor involved 
in their improvement but they necessarily yield cumulative benefits. 
Until the development of the steam pump about 1760, and the steam 
hoisting engine some years later, progress in mining technique was so 
slow that rates of metal production were held at figures that look insignifi- 


cant now. 


Economics 


The third group of factors that affects rate of production are economic, 
and among these factors cost and selling price are outstanding. Cost 
depends upon the price of all that enters into mining and refining, and 
selling price depends upon competition and all the man-made devices 
for helping or hindering sale, such as taxes and tariffs. Since 1800 the 
trend of prices for the common metals, measured not only by monetary 


units but by the cost i in human effort, hs almost s 
in all the countries considered. From 1885 to 1900, prices for 


expressed as money, reached the lowest figures for the period considered, 
but expressed in purchasing power, they have been lower in post ii : 
war vente ae 


Political 


The fourth group of factors that affect metal-production curves are 
political or lie between politics and economics. As we all know quite 
well from recent experiences, political disturbances, such as wars and 
revolutions, withdraw men from productive labor and cause declines in 
production in combatant countries, and by creating demand and higher 
prices, stimulate production in noncombatant countries. In making this 
review I have noticed that each war, in addition to taking its toll of human 


lives, leads to abandonment of mines, some for all time. Wars are — 


relatively brief, however, and even more important are the relations of 
the state or ruling dynasty to the ownership of minerals, for these exert 
cumulative influence over long periods. 

The task to which I have set myself, therefore, is the interpretation 
of the curves of production from the outstanding sources of the metals in 
Europe during the last 300 years, but particular emphasis is placed on the 
last 125 years, which essentially corresponds to the period of the indus- 
trial revolution. Obviously, to interpret with great confidence the curves 
of production for the 50 or more metalliferous districts which have been 
reviewed would demand a most exhaustive acquaintance with all the 
factors of the four groups outlined, in so far as they have affected each 
district. I make no pretense to such acquaintance, but from the study 
I have been able to make I have placed particular emphasis first upon 
the geologic background of the districts and next upon the group of 
technical factors. Of the economic and political factors I have con- 
sidered some for a few districts and a smaller number for most of the 
districts. Such conclusions as I express represent rather confident 
opinions. My present purpose is to outline a field for study rather than 
to offer positive conclusions. 


Review or Metau PropuctTion or Kuroprs 


The metals here considered include iron, copper, tin, lead, silver and 
mercury. It is my purpose to try to trace the trend of production in 
outstanding districts rather than national trends, which will be mentioned 
only here and there. Throughout the nineteenth century the tendency 
of production in most countries has been almost steadily upward, but, 
as I shall show, this has been accomplished widely by adding new sources 
as the old sources became depleted—a feature that has characterized 


— ae Oe 


OS development of the metal industries, as well as the oil indnereen in 
the United States.! 


In offering production curves of districts in Europe, it is well to Ofer 


a word of caution about production graphs in general. No graph is 
foolproof, and one given to special pleading can so choose the scales of 
his graphs as to mislead even a careful observer, especially if they cover 
a long period of time. A given disturbance, price or political, may have 
the same proportionate effect on the output of two districts, but the 
district with the larger output shows a more impressive effect on the 
graph. For purposes of comparison, I have added a few typical graphs of 
American districts. 


Iron 


A review of the production of iron in Europe shows most interesting 
shifts in dominant sources of ore.2 Much of the Roman conquest was 
determined by sources of the metals, and wherever Rome penetrated 
the sources were exploited. Probably during Caesar’s campaigns, Elba 
and northern Italy were the outstanding sources of iron in the world.’ 
Small quantities of iron were produced in many places during the Middle 
Ages, but at the time when the record becomes clear, about 1750, Sweden 
yielded 65,000 tons of iron annually, or 40 per cent. of the world’s pro- 
duction, and Great Britain only 17,500 tons. It seems clear that there 
were many sources at this time, however, and iron was produced wherever 
there was iron ore and abundant timber for charcoal. The influence of 
the mineral fuel, coal, began to be felt about 1618, when iron was first 
smelted in England with crude coal, but it became dominant about 
1735 when the art of coking coal began. From then on, production 
began to be controlled by the proximity of coking coal to iron ore rather 
than the proximity of timber for charcoal to ore. About 1800, when the 
world’s output of pig iron was 540,000 tons, Sweden produced 30 per 
cent., Great Britain about 35 per cent., and Russia 20 per cent. The 
next 70 years marked the great rise of iron production, and throughout 


1 The most comprehensive summary of metal production known to the writer is 
that of A. Rossing: Geschichte der Metalle (p. 274), Berlin, 1901. In addition to 
summarizing the history of mining and technique for 57 metals, it presents tables of 
world production by 5-year periods for most of these and tables of prices. The statis- 
tics are uncommonly accurate as far as presented but there are several important 
omissions from several of the tables. Other similar summaries are by Zippe: 
Geschichte der Metalle, Vienna, 1857, and Neumann: Die Metalle, 1904. 

The tables of production in Mineral Industry, New York, 1893, assemble the 
records of existing statistical bureaus of European countries, only a few of which were 
started earlier than 1850. 

2L. Beck: Geschichte des Hisens, 1903. (5 vol.) 

M. Roesler: Iron Ore Resources of Europe. U.S. Geol. Surv. Bull. 706 (1921). 

8H. K. Scott: The Mines of Elba. Jnl. Iron and Steel Inst. (1895) 1, 141. 


' St Cee Nae 


n: 


. aaa + we : 7a 
70 CYCLES IN METAL PROD “a a 


Lao 


this period Great Britain produced about half the world’s supply. _ 


Not until 1890 was it surpassed by the United States, and in 1903 it 
yielded place also to Germany. 

Now, it is worthy of note that during the nineteenth century the 
production of pig iron steadily rose in each country—in Great Britain, 
50 times; Germany, 300 times; France and Belgium, 20 times; Austria- 
Hungary, 40 times; Russia, 30 times; Sweden, 10 times; and the United 
States, 700 times. A brief review of the sources of production of iron 
ore will show what outstanding sources have failed during the extra- 
ordinary development of iron production in the last 150 years. Several 
countries have successively attained dominance in iron production, and 
the same tendency may be noted among the contributing districts. 

Great Britain.—For.its area, no country possessed important sources 
of iron ore and coal so widely distributed as Great Britain 200 years ago.® 
The bedded Carboniferous ores of South Wales were the principal 
British source from about 1750 to 1850. Production reached the peak 
in 1871, but recently these ores have all but passed out of the picture. 
About 1855 production of the bedded Jurassic ores of the Cleveland 
district began. The peak for this district was passed in 1883, when it 
supplied 40 per cent. of all British ore; the peak of total British produc- 
tion was passed in 1882. As late as 1900 the Cleveland district produced 
57 per cent. of the total, but recent production there has been one-third 
the peak and 21 per cent. of the total. Production of the similar Jurassic 
ores of Northamptonshire and Lincolnshire began later but has risen 
almost steadily to date. In 1918 these ores made up half the total; 
in 1925, 64 per cent. Two other British sources of iron ore deserve 
mention—the hematite ores of Cumberland and Lancashire, and the 
Scottish bedded Carboniferous ores. Though the hematite ores had 
long been a source of iron, production of these ores rose steadily through 
the nineteenth century to the peak in 1883; since then it has steadily 
declined to one-third. These are the principal low-phosphorus ores 
of Great Britain. The Scottish Carboniferous ores, discovered only in 
1801, attained the peak of production in 1880, when they made up 15 
per cent. of the British total. The recent production of these ores is 
scarcely one-seventh the maximum (see Fig. 1). 

Of the sources of ore mentioned only the hematites of Cumberland 
and Lancashire are not bedded; these deposits assume many simple and 
irregular forms along or near faults. In general, their local distribution 


4L. Beck: Geschichte des Hisens, 5, 896 (see table). 

* See especially J. D. Kendall: Iron Ores of Great Britain and Ireland, 1893, which 
contains complete production tables for each district; also, R. Hunt: British Mining, 
1884; W. Cunningham: The Growth of English Industry and Commerce. (2 vols.) 
1910, 1912, 93; L. Beck: Geschichte des Hisens, 3, 655. Imperial Mineral Resources 
Bur. Special Repts., Iron Ore (1920) 8 vol. 
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are found in many distr 
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They were once important in y negligibl 
worthy that veins of siderite and ae ne ache and 
yielded very little of the British production. 


prices, and an increase of 50 per cent. in the price of iron ore or pig iron 
would bring all the districts back as outstanding sources of ore. Finally, 


~ concerning Britain’s position in iron, it seems clear that at the present __ 


ratio of prices, the peak of production of iron ore was passed in 1882. 
Imports of iron ore began about 1870, and recently have averaged about 
one-half of the domestic production. The iron content of the imported 
ore, however, is almost equal to that of the domestic ore. 

Germany.—In Germany, as in Great Britain, iron ores are wide- 
spread, but during the last 150 years Germany lagged 40 years behind 
Great Britain in attaining similar annual production.’ In contrast with 
Great Britain, only a few of the German districts show distinct 
declines thus far. 

About 1800 the residual limonites of Upper Silesia appear to have 
yielded more than half the production of German iron. Production 
of ore rose steadily to 800,000 tons in 1889, and has steadily declined to 
one-fifth this amount in recent years. On the other hand, production 
from the iron carbonate veins of Siegerland, which also contain some 
lead and zine, rose steadily to 2,500,000 tons in 1907. Other than the 
bedded ores of Lorraine, the remaining important source of iron ore is the 
Lahn and Dill valleys, which contain bedded hematite and secondary 
limonite in limestone. The annual production from this source for the 
last 40 years has ranged from 800,000 to 1,000,000 tons. 

France.—Although iron ores are widespread in France,’ fewer dis- 
tricts than in Germany are large producers. Outside of the bedded 
oolites of Lorraine the ores in only two districts deserve mention. As 
recently as 1913, the Silurian bedded carbonates of Normandy yielded 
800,000 tons of ore, or 4 per cent. of the total from France, but in 1927 the 
output. ‘exceeded 2, 000, 000 tons. The beds and veins of ora ofiron 
in the eastern Pyrenees have yielded 300,000 to 400,000 tons annually 
for 20 years, but the present epoch of exploitation seems to mark the peak. 


6L. Beck: Op. cit. 
_ G. Einecke and W. Kohler: Die Eisenerzvorrate des Deutschen Reiches. Archiv. 
fiir Lagerstatten Forschung, Preus. Geol. Land (1910). 
Ley: Zur Geschichten und altesten Entwicklung der Siegerlander Stahl und Eisen 
Industrie (1906). 
Handbuch des Oberschlesischen Industrie-bezirks, Festschrift Oberschl. Berg. 
und Hutten Verein (1913) 3, 690. 


"Imperial Mineral Resources Bur. Special Repts., Iron Ore, (1922) 6, 35. 
M. Roesler: Op. cit., 55. 


None of the British ore fields is exhausted. The successive rises” ¥ 
and declines reflect competition and relative exhaustion at prevailing 
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The outstanding iron-ore field of Europe is that containing the 
Jurassic oolite of Lorraine and Luxemburg; that portion of the field which 


lay in Belgium was exhausted years ago. As Roesler has shown, the 


rate of increase in production from the district, since 1870 is almost as 
great as that of Lake Superior, and it seems that the peak of production 
is still years ahead. Although in 1871 this district yielded only 6 per 
cent. of Europe’s total production, in 1913 it yielded one-half. In the 
years preceding the World War it yielded 90 per cent. of the iron ore of 
France, and 70 per cent. of that of Germany without Luxemburg. As 
the known reserves contain more than 5,000,000,000 tons, this rate of 
production could be maintained for about 100 years. On a competitive 
basis, without political interference, this district could probably supply 
75 per cent. of the iron consumed in Europe for. 50 years. 

Belgium.—The iron-ore production of Belgium served to establish a 
smelting industry which has long survived the local sources of ore. 
Some deposits were worked many centuries ago, and there is a complete 
record of production back to 1836.83 The ore was obtained principally 
from the weathered outcrops of sulfide veins, and the oxidized ores are 
now exhausted. The output of domestic ore passed the peak in 1865, 
when 1,000,000 tons was produced, but recently it has been scarcely 
one-seventh this amount. The smelting industry survives on ore 
imported to the extent of 7,000,000 tons annually. 

Austria.—Records of the exploitation of the iron-ore deposits of 
Erzberg in Styria extend back to 931, and the annual output shows a 
surprisingly uniform increase for the last 200 years to the maximum in 
1913.° Fig. 1 represents the output of the province of Steiermark, but 
the mines of Erzberg supply almost all the ore produced in the province. 
In 1880, the output of Steiermark was 70 per cent. of that of Austria, 
and for 50 years it has exceeded 50 per cent. ‘This record of steady 
growth has greater interest in view of the fact that the reserves will last 
more than 100 years longer at the present rate of production. 

Spain.—One district in Spain has occupied an outstanding position 
in that country as well asin Europe.’? The limonite deposits of Bilbao 
represent the weathered product of siderite which has replaced Cretaceous 
limestone. Production began about 1850, but after the Carlist war, in 
1874, it rose rapidly to its peak of 6,000,000 tons in 1899. For 75 years 
this district supplied more than half the Spanish production, and in the 
height of its productivity more than three-fourths. Since then there 


8 Stat. des Mines, Min. Car. et Usines met. Belgium. 
A. Delmer: La question du minerai du fer en Belgique. Annales des Mines de 
Belgique (1913) 18, 325, 448; (1912) 17, 853, 940. 
9 A. Aigner: Mineralschatze der Steiermark (1905) 228. 
H. Bauerman: The Erzberg of Eisenerz. Jnl. Iron and Steel Inst. (1907) 75, 27. 
10 —, Dann: Die Eisenerzlager und die Eisen industrie von Bilbao. Stahl u. Eisen 
(1913) 33, 1181, 1232; Boletin Minero (Bilbao) (1926) 5, No. 49, 9. 


has been steady decline to ohe then the a and qualitied™ 


fate of these deposits attracts interest because they have been the pa 


_ pal source of high-grade ore imported into Great Britain to supplement a 


the domestic low-grade ore. 

Sweden.—There is an uncommonly good record of Swedish iron-ore 
production back to 1300, and the mines appear to have been the out- 
standing European source during the Middle Ages.'! As late as 1740, 
Swedish mines yielded 40 per cent. of the world’s iron. The Swedish 
record is interesting because each of four outstanding sources of ore and 
the total for the country show an almost steady increase in output for 
the last 100 years. The present principal mines, at Kirunavarra, were 
first worked only about 1900, but their production has increased almost 
steadily since then. The Swedish deposits appear to be either segrega- 


tions from intrusive rocks or of contact-metamorphic origin and are the © 


most productive examples of the types. 

Russia.—The trend of iron-ore production in Russia closely resembles 
that of Sweden, although the Russian deposits are more widespread, 
show greater variety, and probably contain larger reserves.1* The 
deposits that have been most productive recently include hematite 
masses near Krivoi Rog, in South Russia, and in the Ural region. Too 
little is known concerning the annual yield over a long period to determine 
the state of exhaustion of any of the deposits, but under favorable political 
conditions production would probably continue to rise for some years 
in most if not all the districts. 


Copper 


We have fairly good records of the sources of our copper supplies 
since 1800, but for the period prior to 1800 good records of production 
are available for only a few districts, notably Cornwall and Mansfeld. 

The records of copper and silver production from Mansfeld™ extend 
back to 1688, and we know that the mines were worked as early as 1199. 
This district has the amazing record of almost constant rise in annual 
production for at least 250 years. The output for 1913 is the highest 


11H, Lundbolm: Iron Ore Resources of the World (1909) 590. 
Also Sveriges Officiella Statistik, Special Studies (1915) 51. 
12 Imperial Mineral Resources Bur. Special Repts., Iron Ore (1922) 6, 157. 
18 ©, EK. Julihn: Summarized Data of Copper Production: U. 8S. Bur. Mines Econ. 
Paper 1 (1928). d 
Brown and Turnbull: A Century of Copper (1898) 11. 
14H. Hoffman: Gedenkschrift, 1925. Mansfeld, A. G., fur Bergbau und Hutten 
betrieb, 1925. 
Schrader: Der Mansfelder Kupferschiefer Bergbau. Ztsch. f. d. Berg. Hutten u. 
Salin. Pr. St. (1869) (17) 251. 
Die Geschichte des Mans. Kupfer. Festschrift, Eisleben, 1900. 


believe that the recent grades of ore will be exhausted in 15 years. The 
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ttained, but the years to come will probably witness still higher produc- 


3 tion. For the last 40 years the district has yielded more than 80 per 
_ cent. of the German total. (Fig. 2.) 


Records of production of the Falun district, in Sweden, continue 
back to 1633, and the mines were worked 500 if not 1000 years earlier. 
About 1650 this district appears to have been at its peak, and was the 
principal European source of copper, followed in order by Cornwall and 


_ Mansfeld. A hundred years later Falun had declined to 40 per cent. of 
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Fig. 2.—ANNUAL COPPER PRODUCTION FROM OUTSTANDING DISTRICTS IN HUROPE 
AND UNITED STATES. 


its peak, and other Swedish and Norwegian districts had arisen. At 
this time Cornwall and Mansfeld had nearly equal outputs and furnished 
most of Europe’s supply. 

Cornwall was the scene of tin mining 800 years before Christ, and 
there is a good record of the activities there since 1156.'° When placer 


15 Sveriges Officiella Statistik, Special Studies (1912) 7 
16 R. H. Lamborn: Metallurgy of Silver, Lead and Copper, 228. London, 1878. 
L. Odendall: Die Entwicklung der Englisher Kupfer produktion, Zitsch. f. d. 
Berg. Hutten u. Salin, Pr. St. (1910) 65. 
H. Dewey: Copper Ores of Cornwall and Devon. Special Reports on the Min- 


eral Resources of Great Britain (1923) 27, 74. 
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‘first brought from Chile. Imports rose rapidly, so that by 1843 the 


1875 to 1895, Swansea was the world’s greatest copper-smelting center, 


tin was thrown away, but in 1580 ri visible supply of one Ol 
the establishment of smelters at Swansea, which have continued - 
day. Copper production from Cornwall and Devon rose very abesdle ; 
to the maximum in 1861 but has declined steadily since then and is now ~ ; 
nearly extinct. From 1820 to 1840 the Cornish output was 45 per cent. | 
of that of the entire world. (Fig. 2.) hie 
In connection with any review of the European copper situation, | 
the part played by the Swansea smelters is interesting.” Although there 
were copper mines in Wales when these smelters were established in 1582, 
Cornwall contributed most of their ore for 250 years. There appear to 
have been no imports of copper ore into Britain until 1826, when it was 


copper in imported ore exceeded that in Cornish ore. During the period 


owing apparently to the advantage of fuel supply and superior technique, 
but since 1895, when domestic production ceased, the industry has 
survived wholly on imported ore. 

The Rio Tinto and Tharsis districts, in Spain, were a source of 
copper and probably of lead and iron 800 years before Christ, as well as 
during the Roman occupation.'!* The area appears to have been nearly 
idle throughout the Middle Ages, and its modern history begins about 
1825. From 1850 production increased rapidly but compared with that 
from other European sources has shown wider fluctuations. From 1881 
to 1890, the output of copper from these districts was twice that of the 
rest of Europe and one-fourth that of the entire world. The peak of 
production was passed in 1912, but under favorable conditions may be 
exceeded in the future. 

The competitive position of Cornwall, Mansfeld and Rio Tinto is 
obscured by the complexity of their ores. In the Cornwall veins copper 
tends to disappear in depth and to be succeeded by tin, so that the present 
sources of tin were once worked for copper. The bedded ores of Mansfeld 
have a complex composition and in addition to copper yield considerable 
silver. The great pyritic masses of Rio Tinto yield iron and sulfur as 
well as copper, and the output depends upon the market conditions in 
respect to each of these products. 


Tin 


The district of Cornwall and Devon, in England, has been out- 
standing as a source of tin for at least 1000 years. ‘There are several 


1G. Curtis: The Smelting Industry of Copper in the Swansea District from the 
Time of Elizabeth to the Present Day. London, 1881. 

#1. DeLaunay: L’industrie du Cuivre dans le région de Huelva. Annal. des 
Mines (1889) Mem. 16, 427, 515. 
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se : may. be ignored, but there is authentic almost complete record of annual 
“a production back to 1156, or for 770 years. Until about 1500 all the tin 
_ oxide produced was washed from stream and beach alluvium. The 
: very little alluvial tin has been recovered. Blasting with gunpowder was 


: 5 to pumping and hoisting from 1750 onward shafts became steadily deeper. 
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"The Aes among historians concerning the earliest work in Cornwall © 


next 200 years witnessed the transition to lode mining, and since 1700 


introduced from Germany about 1670, and with the application of steam * 
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Fig. 3.—ANNUAL TIN PRODUCTION FROM CORNWALL AND DEVON. 


The Dolcoath shaft, the deepest metal mine in Great Britain, is 3240 ft. 
deep, but since the World War nearly the lower 1000 ft. has been 
under water. 

The record of production shows a surprisingly steady rise to about 
1820, then an abrupt rise to the peak in 1871, then 20 years of uniform 
production, and since 1890 a nearly uniform decline. Long before the 
peak was reached, ore was imported for smelting, with the result that in 
1913 tin recovered from imported ore was four times that recovered from 
domestic ore. (Fig. 3.) In addition England imports considerable tin 
metal. 

From 1800 until the World War the maximum price has been about 
two and one-half times the minimum. The high prices have coincided 
with wars and similar disturbances. 


19 G, L. Lewis: The Stanneries. Harvard Econ. Studies (1908) 3, 252. 
N. M. Penzer: Tin Resources of the British Empire, 18. 1921. 
E. Z. Reyer: Eine geologische-montanische-historische Monographie, 248. 
Berlin, 1881. Also translation by R. Symons: History of Tin. Truro, 1881. 
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ling lead bullion.2? That the conquests of Rome were closely related 1 
the search for lead and silver is indicated by the fact that most of th oe 


related to the silver and zine ontent of the ores. Thus, the | 
of lead in the Mediterranean regions before Christ seems to have d 


wholly upon the recovery of silver, most of which was obtained by cupel-_ 
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Fig. 4.—ANNUAL LEAD PRODUCTION FROM OUTSTANDING DISTRICTS IN EUROPE AND 
UNITED STATES. ; 


districts west of the Rhine and south of the Danube, as well as in England, 
that have become important sources in recent times were known and 
exploited by the Romans largely to recover silver. Most of the districts 
in central Europe that have become notable producers were discovered 
later. Only England, Spain and Germany will be considered here. 

Many lead deposits in England were worked by the Romans, and some 
believe that the Roman wall that still stands near the Scottish border, as 


2 L. DeLaunay: Le mines de Laurion dans l’antiquité. Annal. des Mines (1899) 
Mem. 16, 1. 


L. DeLaunay: Histoire de l’industrie miniére en Sardaigne. Annal. des Mines 
(1892) 1, 511. 

T. A. Rickard: Notes on Ancient and Primitive Mining and Metallurgical 
Methods. Hng. & Min. Jnl. (1926) 122, 649. 

W. H. Pulsifer: Notes for a History of Lead. New York, 1888. 


_ well as most of the aan roads, were constructed to protect and serve 


E _ the lead mines.?! Mining lagged through the Middle Ages but took on 
_ new life in the time of Elizabeth. Several writers attach much signifi- 


cance to the importation of German miners about 1580. For the entire 
period from 1700 to as late as 1850, England was the source of at least 
half the world’slead. (Fig. 4. ) Not less than eight districts contributed, 
but that of Northumberland“and Durham yielded nearly half the total. 
The production of ore culminated in 1856 and recently has been scarcely 
one-eighth the maximum. 

The Spanish lead deposits, especially those near Cartagena, had been 
worked by the Romans, but production declined and was negligible for 
many centuries. In 1825 prohibitions against the operation of the mines 
were revoked and the industry grew rapidly, so that by 1870 the Spanish 
production exceeded that of England. The peak was reached for the 
silver-bearing ores of Cartagena in 1898, and the output has steadily 
declined since.*? The veins of Linares were exploited more slowly, and 
their production attained the peak in 1907. The total Spanish produc- 
tion seems to have culminated in 1912. When English lead mines 


- began to fail, their owners turned to Spain, with the result that many of 


the largest deposits are still owned by them. The French and Se 
also own important mines. 

Germany possesses many productive lead districts, notably the Eifel 
in Rhenish Prussia, and the Harz.”* Upper Silesia, an outstanding source 
of lead, as well as zinc, is now largely ceded to Poland. Production in the 
Eifel seems to have passed its peak in 1884, but Rammelsberg, in the 
Harz, increased almost steadily until 1914. The trend of production in 
Upper Silesia has been almost uniformly upward for 200 years.*4 


Szlver 


Much is known concerning the sources of silver as far back as 600 
years before Christ. The lead mines of Laurium, in Greece, were the 
principal source of silver for 300 years. From the slag dumps it has been 
estimated that this district, from 600 to 300 B.C., yielded 2,100,000 tons 
argentiferous lead containing about 130 oz. silver to the ton, or a total of 


_ 21 §pecial Reports on the Mineral Resources of Great Britain. Mem. Geol. 
Surv. (1921) 21, 22; (1923) 25, 26. 
22R. Pilz: Die Erzlagerstatten von Cartagena in Spanien. Zisch. f. prak. Geol. 
(1908) 16, 177. 
23 J, -A. Phillips and H. Louis: A Treatise on Ore Deposits, 362. 1896. 
F. Klockmann: Die Erzlagerstatten des Oberharzes. Berg und Hutien des 
Oberharzes, 43. 1895. 
24 Handbuch des Oberschlesischen Industrie-bezirks, Festschrift Oberschl. Berg. 
u. Hutten. Verein (1913) 2, 72, 451. 
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Fig. 5.—ANNUAL SILVER PRODUCTION FROM OUTSTANDING DISTRICTS IN EUROPE AND 
UNITED STATES. 


and Bohemia (Freiberg, Annaberg, Joachimsthal, Schneeberg, and 
Pribram), and in Spain (Guadalcanal). Curiously, most of these districts 
show considerable similarity geologically, as their deposits are simple 
veins containing rich silver minerals. Also, the silver of most of them was 
largely exhausted before 1850.2 Doubtless the production from many 
mines in Europe between 1600 and 1800 was affected by the flood of 


26 Cordella: Le Laurium, Desc. de prod. des mines et usines du Laurium. 1896. 
See also T. A. Ticked: Op. cit. 


26 W. Jacob: Production and Consumption of the Precious Metals. Philadelphia, 
1832. 


R. H. Lamborn: Op. cit., 236. 
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silver from the New World—Mexico, Peru and Bolivia—but it has been 
difficult to trace the influence of this new source on separate districts. 
For most of the period since 1800, 90 per cent. or more of the silver 


produced in Austria has come from the State-owned mines at Pribram.2” 


(Fig. 5.) Itis noteworthy that the production of this district, exploited 
since the thirteenth century, rose almost steadily to its peak in 1913, 
although since 1895 operations have shown a deficit in every year except 


- one. The mines have attained a depth of 4335 ft., by far the greatest 


depth among the metal mines of Europe. 


The veins of Konigsberg, Norway, discovered in 1623 and owned by 


the State since 1636, have yielded most of Norway’s silver since that 


date. There was a peak of production about 1750, then a decline to 
zero about 1810, then a nearly steady rise to recent figures of 6000 
kg. a year.” . 

The mines of Sala, long the outstanding source of silver in Sweden 
and during the Middle Ages one of the principal sources in Europe, were 


- worked as early as the sixth century, and there are good records of pro- 


duction since 1520, when the peak, about 5000 kg. silver, appears to have 
been attained. After a decline to 1610, production again rose almost 
steadily to 1895 and has since declined nearly to zero.?® 

The peak of production of silver in Germany seems to have been 
passed when 489,000 kg. was produced in 1892, but viewed broadly the 
production rose steadily to that amount and has not declined greatly 
since then. In the Middle Ages most of the silver produced in Germany 
appears to have been derived from the rich silver veins of the Erzgebirge 
and the Harz.*® With their decline, production from the lead and com- 
plex copper ores of the Harz, especially Mansfeld, has steadily risen, so 
that since 1870 Mansfeld has yielded about one-fourth of all Germany’s 
silver. Although production began in 1199, the maximum was not 
attained till 1916.24 Similarly, the silver obtained from the lead-zinc 
ores of Upper Silesia, which were first worked in the twelfth century, 
has risen steadily to the present time, although it amounts to only 3 per 
cent. of the German total. On the other hand, production of silver from 
the classic districts of Freiberg in Saxony, Clausthal in the Harz, and the 
Eifel in Rhenish Prussia seems to have passed the peak in the later part 
of the nineteenth century. 


27 J. Hrabak: Mines and Metallurgy of Bohemia, 331. (In Czech.) Prague, 1922. 
J. Divis: The State Silver and Lead Mines of Pribram. (In Czech.) Prague, 

1926. 

2 §,. Rolland: Memoire sur la géologie de Konigsberg. Annal. des Mines (1877) 
11, 391. 

2” Sveriges Officiella Statistik, Special Studies (1913) 16. 

I, DeLaunay: Traité de metallogénie: gites metalliféres, 3, 276. Paris and 
Liége, 1913. C. Béranger. 

31H. Hoffman: Op. cit. 

Trans. (1929)—6. 


niet days as sources of irs E 
were the source of large quantities of “oe from 1598 to 1635, bu e' 
appear to have been long exhausted. Veins near Hiendelaencia, di 
covered in 1843, yielded about 250,000 kg. silver before they were abaiaem 
doned in 1866. Outside of these two districts, most of the silver of 
Spain has come from lead ores, largely derived during the last century _ 

first from Cartagena deposits in limestone and then from the Linares — 

veins. The peak of production of Cartagena was reached in 1898, when 

149,652 tons of lead ore was produced; that of Linares in 1889, when 

118,000 tons of lead was produced.** 

Europe has only a few representatives of the high-grade silver deposits 
related to Tertiary intrusive rocks which have yielded such enormous 
quantities in the Sierran belt of North and South America. The silver 
produced during Phoenician, Greek and Roman times was obtained 
largely from lead ores, by cupelling base bullion. The great production 
of silver in Austria, Germany, Spain, Sweden and Norway through and 
after the Middle Ages came from the purer and richer ores relatively 
free from lead and copper, for which a new metallurgy was created. 
Production from these sources largely passed before 1800, and since then 
most of the silver has come from the more complex lead and copper ores. 
Our own production of silver tends to repeat this succession. The great 
output of the West from 1860 to 1880 came from the relatively pure, 
rich ore of the Comstock lode and similar ores from Nevada, Utah and 
Colorado, and the contribution since then has come more and more from 
the complex copper and lead ores. 


Pr! rr 


Mercury 


Four districts have produced most of the mercury of the world for 
many years. More than the deposits of any other metals, these possess 
outstanding similarities in mineralogy and form, if not in age and local 
geologic setting. A comparison of the production from the three princi- 
pal sources in Europe—Almaden in Spain, Idria and Monte Amiata in 
Italy—with that from California shows an impressive contrast. 

Probably production began first in Almaden, about 400 B. C., but 
some mines of Monte Amiata also were worked before Christ. The 
record of production from Almaden is known since 1500 and shows an 
almost constant rise to the peak of 1888, except for temporary declines 
during the epoch of the Napoleonic wars. The deposits have been 
owned by the State for nearly 600 years and have been exploited by it 


32. DeLaunay: Op. cit., 3, 73, 130. 
38H. Sampelayo and others: Mines d’Almaden, Internat. Geol. Congress (1926) 
107. 
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2 Peretctty: ne nn exceeded that of any other iniporttht source, and even 
though the ores are being mined 1300 ft. below the surface, the known 


reserves are large. 

__ The deposits of Idria were discovered in 1490 and were the property 
of the Austrian State from 1580 to 1918. There are exceptionally 
complete records of operation since 1780 (Fig. 6). One peak of produc- 
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Fig. 6.—ANNUAL MERCURY PRODUCTION AND CONTENT OF ORE FROM OUTSTANDING 
DISTRICTS IN EUROPE AND UNITED STATES. 


tion occurred from 1785 to 1800, but this has been exceeded recently. 
In some informed quarters it is believed that the known reserves will 
not last many years. When good records became available, 140 years 
ago, the ore mined yielded 16 per cent. of mercury, but this declined 
steadily to 2 per cent. 60 years ago, and recently it has been only 0.65 
per cent., or 13 lb. to the ton. 

The deposits of Monte Amiata that have been worked recently were 
discovered in 1846, and although there have been great fluctuations in 
output, that of recent years represents the highest attained.* 


34 Das K. K. Quicksilberwerke Idria, Vienna, 1880. Volume published on Ter- 
centenary of State Ownership, 1580-1880. 
35 C, De Castro: Le Miniere di Mercurio del Monte Amiata, 203, 1914. 
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little are 1850." 36 The peal of Fran was attained > y = 
in 1877, and since then there has been steady decline. The ore treated — : 


early contained 17 per cent. metal, but the tenor declined quickly to less 


than 5 per cent. and in recent years has averaged 0.4 per cent., or 8 lb. 
tothe ton. The contrast between the production curves of the controlled 


districts, Almaden and Idria, and our own uncontrolled California ~, 


is striking. 
REVIEW = 

I shall attempt to interpret the production curves which I have 
examined, in the light of some of the geologic, technical, economic and 
political factors referred to earlier. 

No one can review the record of European metal mining without 
being impressed (1) by the shifts in supply from one outstanding source 
to another during the past 125 years, (2) by the declines in production 
from most of the outstanding sources, and (3) by the declines in grades 
of ore treated. Also, by contrast, our American sources show a greater 
number and greater range of variations in production. Whether other 
tendencies are impressive or only interesting will depend upon the range 
and depth of the observer’s experience. 

Without discussing the causes here, it is impressive to note the shift 
in the last 300 years in the outstanding sources of iron from Sweden to 
England, then to Germany, and since the war to France through the 
transfer of Lorraine. Similarly, districts in Norway, England, and Spain 
were successively outstanding sources of copper, and in England, Ger- 
many, and Spain, of lead. Obviously, declines in production are numer- 
ous, but they are particularly noteworthy for most districts yielding 


copper, lead and iron in England; iron and lead in Spain; silver 
in Germany. 


Geologic Factors 


Viewed in the light of their geologic setting, the sources of Europe’s 
metals have been for a long time and are now diverse, as in fact they are 
the world over. Europe almost wholly lacks representatives of the 
Tertiary deposits of copper, lead, silver and gold which have made the 
Rocky Mountains and Cordillera of the two Americas such notable 
sources of supply. Most of her deposits of these metals belong to earlier 
epochs, especially the Hereynian. In respect to form, veins or simple 
lodes have been notable sources of copper, tin and lead in Cornwall and 
Devon; of lead widely throughout England; of mercury, lead and silver 


*6 F, L, Ransome: Mercury. U. 8. Geol. Surv. Mineral Resources (1918) Pt. 1, 
159. 
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Ein Spain; of silver and lead in Germany, Austria-Hungary and Norway. 


Most of these have failed in depth, owing to the fact that the metals were 


_ part of a zonal scheme. For those which have failed, it would seem that 
. the supply is exhausted for all time. I think particularly of Cornwall 


and of Joachimsthal and others in the Erzgebirge. 

Europe lacks disseminated deposits of copper due to supergene 
enrichments such as those in Nevada, Arizona, Utah and New Mexico, 
which yield a large part of our own supply. The iron ores of Upper 
Silesia resemble the residual ores of Pennsylvania, Virginia, Georgia and 
Alabama, but they have not proved an important source over a long 
period. The supergene limonite of Bilbao is derived from concentrated 


bodies of siderite and is the nearest approach in Europe to our geposts on 


the Mesabi Range. 

There has been a steady shift from richer sources of iron to the lower 
grade bedded oxide or carbonate ores, such as are found in Lorraine and 
several parts of Great Britain, thus showing the degree to which the 
modern iron industry will sacrifice grade for assured quantity. The 
Swedish magnetites continue to be the richest ores mined in large quan- 
tity, as they yield about 63 per cent. iron. On the other hand, most of 
the bedded iron ores of Europe contain less than 36 per cent. iron and a 
considerable output of bedded carbonates from Oxfordshire, England, 
contains only 24 per cent. iron. 

Among the sources of copper, the Cornish ores declined in average 
content from 12 per cent. in 1770, to 6.5 per cent. in 1860, and doubtless 
fell still lower in the later years. The pyritic ores of Rio Tinto, which 
averaged 3.2 per cent. copper in 1884, have declined to 1.6 per cent. On 
the other hand, in a hundred years the average grade of Mansfeld ores 
declined only from 2.5 to 2 per cent. copper, and that only in the last five 
years, but the grade of ores there appears not to be related to depth. 

Data for mercury ore have already been given in Fig. 6. 

A brief contrast of these figures with the statistics for American 
metalliferous products may be interesting. The average grade of the 
entire Lake Superior output of iron ore, which makes up 87 per cent. of our 
total, is just below 52 per cent. iron, and this average has been sustained 
for 20 years only by an increase in beneficiation. Our lowest grade of 
ore, the hematite frem Alabama and Georgia, contains 35 per cent. iron. 
Most of our copper comes from ores that average about 1.2 per cent., and 
some contain no more than 0.9 per cent. One may well ask how long 
this tendency to treat lower grade ore will continue. Without attempting 
to give a definite answer for any area or entering into an exhaustive review 
here, it seems that most geclogists would agree that some metals are 
widespread in the earth’s crust, whereas others are distinctly localized. 
Such metals as iron, manganese, aluminum, and even gold, are so wide- 
spread that.supplies will always be obtainable if we are willing to pay the 


eet ranean seem to te distinctly 1 
have a different order of dissemination in the crust. For thease we 
~ much sooner reach the time when successive increments in price will fail 


to yield appreciable increments in quantity. 


Deep Mining 


In the field of mining technique, depth of mining is the most interest- 
ing feature. The deepest metal mine in Europe is the Anna shaft at 
Pribram, Czechoslovakia, 4335 ft., and there are four other shafts in 
the district more than 3640 ft. deep. The Doleoath shaft, in Cornwall, is 
3240 ft. deep. Lodes at Konigsberg and Clausthal have been worked to 
depths of about 2800 ft. At Andreasburg, in the Harz, a depth of 2602 
ft. was attained 30 years ago, but the mine has since been abandoned. 
The veins of Freiberg and Siegerland have been followed to about 2100 
ft., but deep work has recently ceased. Most of the mines in the classic 
metal districts, such as Joachimsthal, the Harz, Linares, and Almaden, 
range from 1200 to 1600 ft. in depth, and in most places little or no 
deeper work seems to be in sight. One can not review the depth of metal 
mining in Europe without realizing that there is widespread abandonment 
of deep work or slow progress in depth. 

Our own recent work, on the other hand, is carrying exploration to 
much greater depths. The Central Eureka, Kennedy and Argonaut 
shafts on the Mother Lode are 4850, 4460 and 4300 ft. deep, respectively; 
at Butte there are four shafts from 3122 to 3770 ft. deep; in the Coeur 
d’Alene district, two shafts attain vertical depths of 3400 and 4000 ft. 
below the surface; in Michigan one inclined shaft attains a vertical depth 
of 5309 ft., and there are several more nearly as deep. There are numer- 
ous districts with explorations from 2000 to 3000 ft. deep. 

Obviously production from veins and lodes can be sustained only by 
continued exploration in depth. A comparison of the rates of sinking 
deep shafts during the past 25 years in Europe, especially at Pribram and 
Linares, and in America, at Butte and Coeur d’Alene, indicates that at 
similar depths we are deepening our shafts two to four times as fast as 
Europe. While admiring the ingenuity and superb skill shown in attain- 
ing these greater depths, one who emphasizes the geologic elements of 
the problem can hardly avoid the suspicion that the time is not far 
distant when our deep shafts will have attained the maximum depth of 
profitable work, even if the distribution of the minerals does not conform 
to a simple zonal scheme. 


Smelting Industry 


I shall not attempt to review the trend of technique in the field of 
smelting, but wish only to point out that one important result of a local 
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-metal-mining industry has been the creation of a smelting or refining 


_ industry which has survived in a flourishing condition the exhaustion of 


the local mines. This is noteworthy with copper, lead, tin and iron in 


_ Great Britain; lead, zine and iron in Belgium; and to a lesser degree with 


lead, zinc and iron in Germany. These countries are well endowed with 
fuels, especially coking coal. It might even be said that from an econo- 
mist’s point of view such a smelting industry is a device for selling a 
country’s coal or power at a higher price and, to a lesser degree, for selling 
its technical skill. There can be little doubt that these European smelt- 
ing industries will survive as long as their coal can be produced competi- 
tively. For our own part, most of our smelters lie inland and when their 
sources of ore fail they will face serious problems. Moreover, at some 
remote time—how remote I shall not discuss—our seaboard smelters and 
refiners will depend largely on imported ores. _ 


State Ownership 


Of the economic and political factors that have affected metal pro- 
duction, I wish to emphasize two relating to ownership—first, the rela- 
tion of the State or royal house to ownership, and second, the element of 
absentee ownership. In Europe from the earliest times metal mines 
seem to have been the property of the State or ruling family. Thus, 
we find that the silver-lead mines of Laurium were owned by the Greek 
Republic and were leased for operation. ‘The same may be said of metal 
mines under the Roman Republic and Empire. When and in what ways 
other types of ownership developed I have not traced closely and will 
not discuss here. When we pick up the record in the sixteenth and 
seventeenth centuries, we find that the States of Europe owned most of 
the metal mines—those of mercury at Almaden and Idria, of silver at 
Konigsberg, Sala, Guadalcanal, and many more. State ownership of 
many of these mines has continued to the present day, especially in 
Austria. Of the countries that abandoned State ownership earliest and 
most thoroughly, England stands foremost. With reference to this 
feature the map of Europe can be divided into two parts—on the one 
hand, the regions east of the Rhine and north of the Danube, including 
Scandinavia but not Russia, and on the other hand, the lands to the west 
and south, including the Balkans, the Latin lands, and Great Britain. 
Production curves of the metal mines in the first part, geologic types and 
sizes considered, tend to show lower gradients and less variation from an 
average than those in the other part. In the first part there are many 
more production curves that continue to rise to the present day than in 
the second part. Now, in the first part, the Germanic and Scandinavian 
lands, there are more survivals of State ownership and control than there 
are in the second part, the Balkan and Latin lands and Great Britain, 


development a State contaal netharn I should say here ~ 
not difficult to find objections to State ownership. My visits to / i 
Joachimsthal and Pribram left me convinced that technique is apt to = 
suffer by State control, but I am also convinced that such control yielda <9 
impressive benefits. 
: No thoughtful person can consider the production curves of anest of 
; our own outstanding precious-metal districts—Comstock, Goldfield, — = 
Tonopah, Leadville, Aspen, Cripple Creek, and many more—90 per cent. a> 
of whose output has been gathered within 20 years or less, without 
wondering whether they have been exploited to the best advantage for 
the country. 
-In the matter of absentee ownership, I shall only mention the fact J 
that many of the outstanding metal mines of Spain and Italy have been | 
exploited by British and French capital. It is probably more than a 
coincidence that in many mines such ownership was acquired after British 
sources began to fail. In these places, therefore, production curves tend 
to resemble the British rather than the Germanic types. 


Stacres IN Metat PRODUCTION 


Having discussed thus far only the characteristic features of district 
production curves of the common metals, I shall take up several aspects 
of the metals problem viewed more broadly. 

I have frequently wondered whether there is any way by which a 
nation can ascertain the stage of rise or decline of metal production in 
which it finds itself. We have long known that normal human life is 
distinguished by several epochs, which are not sharply separable, however 
—childhood, adolescence, maturity, old age. In recent years we have 
learned enough about the physical changes in the body so that a physician 
by examination of the eyes, teeth, blood pressure, etc., only parts of the 
body, can form a trustworthy opinion of the epoch of life which the whole 
individual has reached. So I have searched the record for evidence of 
the stages of life of the metal industries. 

The review that I have been able to make suggests the diagram shown 
in Fig. 7. This diagram indicates five stages, shown by successive cul- 
minations of (1) the quantity of exports of crude ore, (2) the number of 

- mines in operation, (3) the number of smelters or refining units in opera- 
tion, (4) the production of metal from domestic ore, and (5) the quantity 
of imports of crude ore. In suggesting these fv successive stages in 
the life of the metal industries, I do not insist that the order is invariable 
over a wide range of histoiat or over the entire world, for fortuitous 
discovery and sundry acts of governments can slightly change the order, 
temporarily. I merely urge that this is the normal order of the past 
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in most regions with which I am familiar. It is well shown in most of 
the European countries with domestic fuel supplies. No significance is 


to be attached to the relative heights attained by these curves; I wish 


only to emphasize the successive relation of the peaks. 

Take, for instance, the copper, tin and iron industries of Haale: 
Copper ore was first encountered in mining tin ore, and cast aside; there - 
is no record of exports. Then follow peaks of number of mines operated 
and production of metal from domestic ore (1861). Ore was first 
imported in 1826, attained a peak in 1889, and has rather steadily declined 
since. Domestic production has been negligible since 1895, and the 
Swansea smelters are sustained on imported ore and matte. I have not 
found it recorded whether tin ore or only the metal was first exported 
from England in the days of Roman occupation. In the last 200 years 
we see the rise of domestic production to the peak of 1871. The import 
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trade in tin ore began about 1850, and in 1913 ore imports were four times 
domestic production. The mining and smelting of iron ore in England 
also goes back to Roman days. The peak of production of domestic 
ore was passed in 1882, but imports began about 1865. In recent years 
domestic production has steadily declined and imports have almost as 
steadily increased, so that now the iron recovered from the two sources 
is about equal. 

In Belgium the production of zine began in 1837, but ore was probably 
exported earlier to Germany, as it was the early seat of zinc smelting 
in Europe. Production of domestic ore passed the peak in the decade 
1851-1860 and has since ceased. The imports and the production of 
metal from imported ore have risen steadily to the present day. Similarly, 
the production of lead ore and iron ore passed the peaks between 1860 
and 1870, but gave rise to smelting industries which treat increasing 
quantities of imported ore. The zinc, lead and iron industries of Ger- 
many show clearly the same tendencies. 

In our own country, it is interesting to recall that the first ore from 
many copper, zinc and manganese districts, as well as our first crude 
iron, were shipped to Europe for treatment, but the period of export 


same tendency; first, a peak in aise Sh mines piaperntines next a pea k 
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in numbers of smelting or refining units, and then peaks in production — 
of the metals. That the peaks of production of the metals from many of 


the principal districts, especially in our Rocky Mountain and Sierra 


States, has been passed as long as present price levels continue I firmly 
believe. To what extent, as a nation, we have passed or are passing the _ 
peaks of production for the metals, will not be discussed because more _ 
elements enter into such forecasts than I wish to raise here. 

The picture of national metal production that I am sketching is 
obviously drawn by empirical methods. Is it possible that this picture 
rests upon so sound a basis as to assume the aspect of a rule? I am 
inclined to believe that it rests upon sound geologic and technical experi- 
ence. In the early stages of exploration of a district.or a nation, it is 
fortuituous and uncommon that the richest and largest bodies are found 
first. Much exploration must be done and many trial mines must be 
developed before such bodies are found. Owing to the nature of geologic 
processes, for every large and profitable ore deposit there are tens, if 
not hundreds, of small and unprofitable deposits. Also, no matter what” 
may be the state of advance in the arts of mining and metallurgy when a 
district is found, their local application does not reach the most efficient 
stage until it is known where the largest and richest bodies of the district 
lie and what is their mineralogic character. It follows, therefore, that 
the peak of production tends to come after the peak of number of mines. 
Finally, with the failure of local sources of ore and the maximum advance 
in technique, smelters and refiners not only need but attract ore from 
remote sources, and trade in imported ore naturally begins. Whether 
and how long metallurgical industries survive depends upon the local 
fuel and power supplies and the maintenance of competitive technique. 


‘Successive Erocus or Meraut Propuction 


Historians have long recognized the fact that the outstanding sources 
of the precious metals since the time of earliest records have generally 
lain on the frontiers of the existing civilizations. Perhaps that is the 
reason why metals and minerals have provoked conquests. Only recently 
has De Launay, in Le Conquéte Minérale, noted that as civilization 
sweeps over its frontiers the new lands tend to yield a series of the metals 
in succession. To quote:*” 

“If we visualize any one of these new countries whatever, we see it, on 
the average, realize successively an age of gold, then of silver, then of 
copper, then of lead, then of zinc, then of iron.” 


"71, DeLaunay: Le Conquéte Minérale, 27. Paris, 1908, Flammarion. 


be ae 
In Fig. 8 this order is presented graphically. De Launay does not 
point out that not only does this order coincide with that of the present 


prices offered for the metals, but that this order of prices has been main- 


tained for several hundred years. It represents roughly, also, the order of 


abundance of the metals as shown by production in recent years. Fur- 
thermore, the order tends to apply to some countries in Europe as well as 
to new lands. For instance, in Great Britain, the peaks of domestic pro- 
duction have been successively, copper, 1861; lead, 1870: tin, 1871; iron 
ore, 1882. For Spain the order has been copper, 1912; lead, 1888; iron 
ore, 1908. For Germany before 1914 the production of none of the metals 
under consideration seems to have attained the peak, but in this inquiry 
it has been impossible to discriminate confidently between metals of 
domestic origin and those recovered from imported ores. In the United 
States we seem to have passed the peak of gold and silver production in 
1915, and although the production thus far of copper was highest in 1916, 
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of zine in 1919, of lead in 1926, and of iron ore in 1917, I would hesitate 
to say that these years will mark the peak for all time. Perhaps at this 
point, [ should again qualify what has been stated about the successive 
epochs of metals for any country by saying that the order seems to hold 
only for the price ranges that have existed in recent years. Obviously, if 
the relative prices were to change greatly or if the general range of metal 
prices were to increase with respect to those of other commodities, such 
as the products of agriculture, great changes in the order would follow. 

I dwell on this succession in the epochs of the metals because it seems 
to me to reveal several basic influences that surround their production. 
It seems to depend in part upon the relative abundance or availability of 
the metals for recovery, in part upon man’s needs for them as civilization 
is now constituted, and in part upon the cost of transportation to con- 
suming centers. Viewed abstractly, it should be possible for a large 
nation, having entered the iron age, to regulate prices so as to return to 
the epoch of gold or silver for a period, but the chance that any nation 
will do so seems very remote. In contemplating the future for the 
United States we shall probably be wise if we assume that our gold and 
silver epochs are past. 

The immediate outlook for an increase in metal production in Europe 
is not encouraging, iron possibly being excepted. Whether her statesmen 


would admit it or not, much of Soe diplomacy seems ‘ti 

concern over a downward tendency of production and attempts to. 
control over it. It is small wonder that continental Europe is turning 
rapidly toward cartels and understandings—first, iron and steel, next 
mercury, aluminum and zine, with lead and copper in the near distance. 


STATUS OF THE Unrrep aes 


It is not the purpose of this inquiry to consider all or even most of the 
elements that deserve consideration in any attempt to make a confident 
forecast of the near or remote outlook for metal production in the United 
States. The behavior under exploitation of the outstanding sources of 
the metals in Europe has been reviewed in order that methods may 
be devised by which our own resources may be studied. On the charts 
for iron ore, copper, lead, silver and mercury, graphs of outstanding 
American aieeaes are peocen tel for comparison with those of Europe. 
From this inquiry I think that the graphs of district production reflect 
not only the behavior of many types of ore deposits exploited under 
advancing technique and declining price, but indicate also what may be 
expected from them during the next few decades, as well as that more 
subtle influence the national point of view toward mineral exploitation. 
The remote outlook for a mining district of course can not be determined 
soundly without penetrating insight into the basic geologic factors as well 
as other influences that will surround production. . 

Only a casual examination of the district production graphs and the 
number of sources is needed to show how marvelously America has been 
endowed with metals. In number, size, and grade our resources once 
greatly exceeded or still exceed those of Europe in iron, copper, lead, zinc, 
silver and gold. Beginning with Europe’s store of science and technique, 
we have attacked those resources vigorously under a system based 
largely on individual initiative and uncontrolled personal profit. Meas- 
ured by district production curves, many of our outstanding districts of a 
few years ago show signs of exhaustion, and we are sustaining or increasing 
national totals by turning quickly to new sources of lower grade. If 
science and technique can keep up the pace, we have no cause for concern. 
Personally, I doubt that they can much longer. 

It is worth while to speculate concerning the place of metal production 
in a modern industrial civilization such as ours. Is the production of 
metals largely a process for creating capital through profits or is it to be 
regarded more as one of many industries of the nation where national 
concern warrants coordination? Further, one well may ask whether a 
nation should not be dominated by one motive at one stage of AS life 
and another motive at another stage? 

For my part, I think that as long as there are frontiers or unexplored 
regions in a nation, there are outstanding reasons why incentive should be 
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iter toward creating capital through individual profit. At a later 


_ stage, when exploration has shown the location, extent and grade of the 


nation’s resources it is worth debating whether such controls should not be 
placed in effect as will insure such coordination of industries as will aid 
the orderly advance of production by all industries. 

The review that has been made seems to show that in central and 
northern Europe, certain kinds of control in production of metals have 
led to a more orderly advance and longer life than in other parts where 
such controls are largely lacking. It is my belief also that in central and 
northern Europe metal production is better coordinated with setbex 
industries and with other expressions of national life. 

To us, a democracy, controls of any sort are obnoxious. Such as we 
possess have developed slowly and are still resented by many among us. 
Most of the controls in effect in Europe arise out of state ownership and 
tend to show the minor evils of bureaucracies. Perhaps, as an employee 
of our Federal Government, I should say that I do not favor govern- 
mental control. We shall make a splendid contribution to democratic 
government if we can perfect that control of metal production by the 
industries which shall assure orderly production over long life with a 
reasonable profit to the industry and proper guarantees to the 
consuming public. 
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DISCUSSION 


F. L. Garrison, Philadelphia, Pa. (written discussion).—The paper by D. F. 
Hewett cannot fail to revive some of the serious reflections in the minds of those who 
are becoming progressively concerned by the depletion of the metallic mineral resources 
of thiscountry. The time has passed when one may complacently dismiss the subject 
with a hope that any anxiety of this kind for the future will be measurably dispelled 
in some way—perhaps by some new metals or some physical and chemical process. 
Already this hope has been realized to an appreciable extent. Improved methods 
of concentration, metallurgical treatment and mechanical apparatus for mass extrac- 
tion and transportation have made possible the mining, milling, and utilization of 
ores previously considered too lean to be of commercial value. Advances in chem- 
istry and metallurgy have placed in abundant use at least one metal which 40 years 
ago was little else than a laboratory product. I refer to aluminum, for which our 
then large deposits of bauxite seemed to assure an unlimited supply of raw material. 
Yet today a large proportion of the metal made in the United States is derived from 
imported bauxite. Hence it would seem that if it is not going to be possible to make 
this metal from aluminum silicates, such as kyanite, sillimanite and andalusite, of 
which we have in the United States unlimited quantities, our production of aluminum 
from domestic ore resources may be considerably restricted. Fortunately, I under- 
stand, experimental methods with the object of producing aluminum from its silicates 
have yielded promising results and, if ultimately successful, will be a striking example 


the future. aes : . 


: When, 75 years ago, J. D. Whitney destin s classic on the mineral we alth 0: 
United States,** the mineral resources of the country were assumed to be pract: 
unlimited. Whitney’s investigations were confined to districts east of the R Ky’ = 
Mountains. Very little was known at that time of the vast areas to the west which, © = 
with the exception of California, did not begin to produce any appreciable amount of ie 
metallic minerals until about the time of the Civil War. <> a 


tion now confronts us, it may be desirable at this point to mention briefly some of the _ 
salient factors that profoundly controlled and affected the national origin and develop- 
ment of the United States. Unlike the Spanish colonizations in Mexico, Central — 
and South America, which antedated the English and Dutch settlements along the 
c -_ Atlantic seaboard to the north, our first colonists were impelled in seeking new homes 
by a desire for religious and political freedom with the hope of ultimate better living : 
conditions. Asis well known, this was achieved in the face of active, barbarous French % 
and Indian opposition, which would have baffled any but a strong, determined people ' 
a possessing what is now called ‘‘a frontier spirit.” Whatever may have been the J 
predominating mercenary motives of the earliest English settlers in Virginia, the ; 
sturdy people who later made their homes here and all along the Atlantic coast cer- 
tainly had no golden objective like the impelling force that was behind the Spanish 
settlements, or the fur trade, which initiated the French entry into Canada. The 
English colonists knew nothing of mining and it was not until early in the eighteenth 
century that they began to smelt the iron ores found in numerous places near their 
homes. The Colonial industries in the North were agriculture, fishing, whaling and 
maritime trade, while the South devoted itself at first mainly to the growth of tobacco 
and later to the cultivation of cotton with slave labor. Thus were established two 
different systems of industry and culture from which eventually arose an armed con- 
flict that nearly destroyed the United States. 


Earzty MINING IN THE UNITED STATES 


In 1709, the first chartered mining company in the colonies came into existence for 
the purpose of working some copper deposits at Simsbury, Conn.*® Similar copper 
minerals were subsequently discovered at the Schuyler mine in New Jersey in 1719, 
and a considerable amount of this ore was shipped to England for treatment. 
Although the French were aware as early as 1720 of the existence of lead deposits 
in the Mississippi Valley, no serious or intelligent attempts were made in the way of 
development until the latter part of the century, when Dubuque commenced mining 
operations near the site of the present town bearing his name. »Hence until this vast 
region passed into the possession of the United States by the “Louisiana Purchase,” 
its mineral production appears to have been negligible. 

During 1829 and 1830, the production of gold from the alluvials in several of the 
southern states was considerable. Whitney stated that in 1833 and 1834, the amount 
thus obtained from Virginia, North Carolina, South Carolina and Georgia was about 
$1,000,000 per year; later the amount fell off to half that sum, then rose again when 
mines in solid rock were begun.4° Much if not most of the labor thus employed was 
slave in the winter season, when it was not otherwise occupied. This gold-mining 
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st at that ime of Pitta importance to cause the government 
0 o establish a ‘mint at harlotte, N. C., now long abandoned because of the decline 
the gold-mining industry in the South. 
. The lead regions of the Mississippi Valley produced largely ners the same oka 


a8 the gold production in the South, but the nature of the ores was such that systematic 


operations in this, as in practically an other mining sections of the United States, were 
not carried on paths sufficient engineering and technical skill to ensure reasonable 


~ success in attracting the capital requisite for profitable working. 


The existence of metallic copper on the south shore of Lake Superior was known to 
the French Jesuit missionaries as early as the year 1669. Its occurrence is described 
at length in Father Dablon’s “‘ Relation” for 1669-70.41 As early as 1717, the natives 
trading at the Hudson Bay Co. fort at Nelson exhibited weapons of copper and spoke 
of the banks of a distant river in the far north where copper could be picked up freely. 
This copper probably came from what is now known as the Coppermine River, which 
flows north into the Arctic through Coronation Gulf. It was not until 1844, however, 


_ that the Lake Superior copper deposits became well enough known to attract sufficient 


attention and capital to begin their development. Five years later the unprecedented 
gold discoveries in California gave an impetus to all kinds of speculation relating to 
mining, good, bad and indifferent, but with the valuable practical result of making 
mining an established industry of the United States. Closely following this period, or 
about the time of the Civil War, came the extraordinary discoveries of silver-lead ores 
in the Comstock Lode and at Eureka, Nev.; then those of Georgetown and Boulder 
company, Colorado, followed; about the same time, the gold-copper and alluvial gold 
deposits in Montana were discovered. The cumulative effect of these developments 
was to electrify the country: foreign miners and metallurgists poured in to the West, 
the technical development of our American mining industry was fairly started on its 
career, and the United States became the largest producer of precious metals in 
the world. 

At the beginning of the Civil War the iron industry of the northern states was 
much behind that of England and in the South may be said to have hardly existed. 
Thus, for example, when the Federal Government undertook to build an ironclad 
vessel (Monitor) to meet the menace of a similar one being constructed by the Con- 
federate Government, the turret armor had to be made up of eight 1-in. iron plates 
bolted together because there was not a mill in the country able to roll anything thicker, 
whereas in England, 444-in. solid iron tongued-and-grooved plates*? were placed on 
one of the new warships built in 1861. Anyone familiar with ballistics knows that 
eight 1-in. superposed iron plates would be an inferior defence to a 414-in. solid plate. 
I might add it was not until 1891 that the United States seriously undertook the 
manufacture of modern steel armorplate. 


DEVELOPMENT IN SEVENTY-FIVE YEARS 


The men who were lured to California in the ‘‘gold rush of ’49,”’- with probably 
few exceptions, had had no mining experience and their operations were confined to 
washing gold from the gravels and sands of the Sierra Nevada mountain valleys and 
gulches. Such work can hardly be dignified as mining, but their activities subse- 
quently developed into great hydraulic washings and lode, or so-called quartz mining, 


41 See J. W. Foster and J. D. Whitney: Report on the Geology and Topography of 
a Portion of the Lake Superior Land District, pt. I, 10. Executive Document 69. 
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in oe Ae span of not more tha 75 years, yet it auld now appear that 
with the proximate exhaustion of our metallic mineral reserves and the ¢ 
after of being obliged to depend on the lean ores which remain and the Seohorlatiie ) 


better grades from Alaska and foreign sources. The truth of this situation appears — 


to be realized to some extent by mining engineers if not also by some of the nontech- lo 
nical men engaged in the industry. It is claimed in some quarters that our accumu- 


lated stock of metals is so large and present methods of scrap recovery so efficient : 
that the pinch of scarcity is not likely to be felt for a long time. While this short view — 


no doubt has some justification, it must be remembered that no small proportion of 
all the metals used in industry are lost or consumed in it beyond recovery. Such a 
plea seems to me specious, misleading and likely to postpone efforts to establish a 
sensible, comprehensive national policy of conservation. The United States is no 
longer, if in fact it ever was, a self-sufficient, self-sustained country. The World 
War proved that we were deficient in a number of essential metals such as tin, chrome, 


platinum, tungsten, mercury and nickel. In an emergency we may depend on our 


Canadian neighbors for nickel; but of the others we have either very little or practically 
none at all. Of tin, the most important and indispensable in this group, we possess 
small quantities at widely scattered localities, none of which has yet proved to be of 
sufficient importance to justify the necessary capital investment for exploitation. 
As far as I know, there is no tin in Canada and little or none in Mexico. Perhaps it is 
not generally realized that today most of the iron ore used by the steel works along 
the Atlantic coast is imported from various parts of the world. 


MINERAL Deposits WASTING ASSETS 


It is difficult for the public to understand that a mine is a wasting asset and what- 
ever comes out of it is never replaced. Ores do not grow in the ground as crops and 
trees do on the surface, yet to us this self-evident fact does not always appear to be 
realized by the public. Moreover, one cannot foretell, save more or less approxi- 
mately, how much mineral a mine contains until it has been worked out and every 
nook and cranny of its orebodies explored. It is true that new orebodies are often 
found in old, sometimes supposedly exhausted mines and that is one of the reserves 
we will have to depend on in the future. There are today in the United States, as 
in most other countries, many more abandoned or shut-down mines than going and 
producing operations. If any virgin metal-bearing areas of notable importance have 
been discovered recently in this country, I have not heard of them, and the need for 
their finding has never been greater. 

Geophysical prospecting, which is now coming into prominence as a practical aid 
in mineral discovery and development, is of unquestionable value in locating deposits 
covered with glacial drift and the ‘‘wash” which fills the valleys and gulleys of the 
semi-arid districts of our western states. This form of prospecting probably has 
distinct limitations under other conditions, and too much should not be expected of 
it as a science not yet fully developed. Moreover, our mining laws relating to the 
public domain are not yet attuned to this form of prospecting and development, hence 
some changes must be made in them to accommodate locations where no 
outcrops occur. 

Perhaps it is not going too far to say that today the cream of our metallic mineral 
deposits has been taken off, and to make profitable the skimmed milk of what is left 
will require all the resources of modern science. Statistics of production and peaks 
in plotted graphs may be misleading, since they indicate something produced by 
processes that are assumed to continue indefinitely upon a basis of a natural raw 
material supply without limitations. The production lost from exhausted or inoper- 


a 


ative mines is now being supplied by increased volume of output at places wheer 


various mechanical, chemical and metallurgical methods have enabled operators to 


use leaner, complex, and refractory ores previously not amenable to such systems. 


This is well illustrated at our so-called ‘‘porphyry” copper mines and others where 
extraction has attained a high degree of efficiency and the loss in tailings is reduced 


to a minimum. 


Mr. Hewett’s opinion is that in the earlier stages of the exploration of a mineral 
district it is an uncommon experience for the largest and richest orebodies to be the 
first discovered. If this is considered a rule, it has had so many exceptions, once the 
discovery and early prospecting stage is passed, that one might be disposed to believe 
general experience had been just about the contrary. In other words, the best ore- 
bodies more frequently are those that outcrop and are the first to be discovered. 
This thought is important, because we may go on believing that present conditions 
are not as bad as they appear and the largest and best orebodies are yet to be found. 
In many if not most instances, the better ores are near the surface and are usually 
skimmed off before the mine settles down to steady and uniform production, mostly 
on ores of lower grade than those first found. 

Since the dawn of recorded history man has used metals of some kind and in some 
manner, but so recently as a century ago the amount of metal available to him was 
relatively small as compared with the enormous quantities now in use. Hence when 
we find metal mines in Europe 300 or 400 years old and still producing, we are not 
justified in concluding they originally were, or are now, any better as a whole than are 
those in this country. Probably under similar operating conditions and care, our 
mines would last as long, for the longevity of those in Europe is due to low rate of 
production with economical operation; moreover it is more than likely they were 
nursed along by the governments and rulers who had whole or partial ownership of 
them. Such were the mines Agricola wrote about in the latter part of the sixteenth 
century, and it was in the neighborhood of these mines that the justly famous German 
mining academies of Freiberg and Clausthal had their origin. 


GOVERNMENTAL REGULATION OR OWNERSHIP 


In England no system of governmental or royal ownership exists or appears ever 
to have existed. A tax (“‘coinage’’) on tin after smelting was for centuries paid to 
the earls and dukes of Cornwall, but this form of royalty or tax was abolished in 
1838. Cornwall is a classic country for the mining engineer and although today its 
mines are assumed to be practically exhausted, it has been claimed by those in a posi- 
tion to know that, were the existing old system of restrictions, customs and land 
tenure which has grown up under centuries of private and corporate ownership abol- 
ished, many of these now idle mines could be operated at a satisfactory profit. 

Evidently governmental regulation or ownership of mines is as distasteful to our 
British cousins as it is to us. Nevertheless is seems likely the time may soon be at 
hand when something must be done to regulate our mineral industry and check waste 
of its basic resources, which, unlike our forests, cannot be renewed: especially as we 
are not likely to find satisfactory substitutes for metals. This same reasoning would 
apply equally well to Canada, where American capital is becoming so largely engaged. 
Our northern neighbors have been as wasteful as ourselves and their mining industry 
has won its enviable place only after a long struggle against hard physical conditions, 
and lack of previous mining experience and capital. Their mining laws are generally 
better than ours for they have had the advantage of our experience and the advice of 
some of our best mining engineers and geologists. The Dominion Geological Survey 
and most of the provincial geological and mining departments have rendered the 
greatest possible aid in the sensible direction of the industry throughout Canada. 
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have been hoki ee since the Saul pears in 1519-20. Aa a eee 
several centuries of training and experience Mexican miners are generally good; the 
climate is healthful and the mining industry would be prosperous were the government. 
more stable and life and property better protected. 

If we ever become involved in a serious war and have our coasts blockaded and 
maritime commerce raided, we may have to depend upon our neighbors to the north 
and the south for many things we do not have within our own borders. So aside from 
every other reason their prosperity and development is of vital concern to our 


own country. 
NECESSITY FOR CONSERVATION 


It has been assumed by some industrialists that the best way to make money is to 
control natural resources. Chemists claim that a better way is to develop new chem- 
ical processes, but even admitting this thesis chemical progress must be built up upon 
some kind of raw, natural material. With sufficient power or energy it may be possible 
for some future alchemist to so juggle the atoms that the transmutation of one metal 
into another will become a commonplace affair. Meanwhile we would do well to 
conserve what we have, and not trust to future scientific ledgerdemain to make amends 
for our present lack of prevision and consideration for generations to come. 

On the broad question of the conservation of natural resources, agricultural, 
mineral and fisheries, the three great basic and fundamental means by which we 
directly draw sustenance from the earth, it would seem that as a nation we have not 
yet given the subject the attention and serious consideration it evidently deserves. 
Soil impoverishment, forest waste and the neglect of fish culture and protection are 
subjects not difficult for the public to visualize and understand. Thus for a simple 
and relatively unimportant example, only a few years ago the large tidal rivers flowing 
into the Atlantic on our eastern seaboard teemed in the spring of the year with a 
delicious fish known as shad. Now this source of food supply has been greatly dimin- 
ished in most of these rivers, and in others, as our Delaware, wholly destroyed by sewage 
and oil refuse discharged into the river. Everybody knows about forest wastes and the 
increasing cost of lumber through loss by fire and careless lumbering. Soil exhaustion 
by erosion and crop cultivation is less obvious, and mineral depletion is almost wholly 
unrealized or understood by the general public. Evidently it is only through edu- 
cation we can hope to obtain the necessary public support to inaugurate and sustain a 
sound conservation policy for dealing with these questions of vital national importance. 
In regard to forest protection much has already been accomplished by state and Federal 
governments, which have set aside large areas for that purpose even to the extent, in 
some of the western states, of reserving for forests large tracts of public lands without 
a thing on them which might be dignified a tree. 

Individualists though we Americans are by tradition and disposition, it is evident 
that these great conservation questions must be developed by collective action and 
regulated by legal enactment. Our Federal mining laws today do not fit in with 
modern conditions, and in view of our present knowledge of economic geology some of 
them are quite archaic. The question of government ownership will inevitably arise 
when these subjects are under discussion and it will be said that if the Federal and 
state governments have taken over and own outright both the timber and the land on 
which it grows, why should they not also possess the minerals thereon? It is true 
our local and general governments have usually encouraged and aided the mining 
industry, the Federal authorities especially have been of enormous benefit through the 
Geological Survey and the Bureau of Mines, but these organizations as well as the 
individual state authorities could do much more were they backed by an enlightened 
and sympathetic public. 
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Air Conditioning in Deep Mines 


By R. W. Waterrity,* Newark, N. J. 


(New York Meeting, February, 1929) 


Many existing ore deposits of valuable metals have been worked.out in 
their upper surface levels and the continued productivity of these mines 
is dependent on their extension to greater depths in the earth. The 
maximum depths at present reached are about 6000 to 8000 ft. below the 
surface, with no evidence of an impoverished ore vein. These mines 
are widely distributed; some of the best known are in South Africa, Brazil, 
India and in the western sections of the United States. 

Among the factors which increase the difficulty of working these mines 
at increasing depths are hoisting, rock pressure and temperature. The 
manner and effectiveness with which these problems are met will, no 
doubt, determine in a large measure the ultimate depths to which any 
mine can be profitably worked. The most critical of these three factors 
at present is the increase in temperature with depth. The high tem- 
perature and humidity in many of these mines at present are severely 
detrimental to the health of the workers and greatly hamper their effi- 
ciency. Some have almost reached a condition in which the human 
system cannot survive. The problems involved in the cooling and ven- 
tilation of mines have all been ably analyzed and presented in previous 
articles. For this reason, only a résumé of conditions affecting the cooling 
and conditioning of deep and hot mines will be given in this paper before 
attention is directed to possible methods of improving atmospheric condi- 
tions in the working levels. 


PuysroLocicaL Errects oF TEMPERATURE, Humipity aND AIR Motion 


Many data on the physiological effects of different atmospheric condi- 
tions on the human system have been compiled and published through 
the combined efforts of the American Society of Heating and Ventilating 
Engineers, the U. 8. Bureau of Mines and U. 8. Public Health Service. 
These data were not primarily developed around the conditions existing 
in deep mines, but the upper temperature limits of the investigations 
extend into, and are applicable to, mine atmospheric conditions. While 
the exact values of the standard comfort conditions, established for per- 
sons of such habits as those employed in detecting the different degrees 
of comfort, might not produce identical effects upon persons inured to 
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Fig. 1.—EFrrecrivE TEMPERATURE CHART, 

For determining ‘‘sensible”’ or effective temperature for individuals normally 
clothed, from measurements of dry-bulb temperature, wet-bulb temperature and 
velocity ofair. (‘Effective temperature” may be defined as ‘“‘the combination of dry- 
bulb temperature, relative humidity and air motion which produces a given comfort 
effect on human beings; in other words, it is the result of using the human body as 
a temperature-measuring device.’’) 

Chart compiled and published by the American Society of Heating and Ventilating 
Engineers in cooperation with the U. S. Bureau of Mines. 


variation is not great, nor can we say there is a very wide difference in 
human races. It is true some peoples are more resistant to high tem- 
peratures, others to lower temperatures, but there are general conditions 
under which all appear to be more healthy, productive and efficient.. The 
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"results Sivsines at the U. S. Bureau of Mines at Pitebeet Pa., indicate 


an ideal condition sufficiently accurate for all practical purposes, and 


4 what is just as important, the tendencies and relative effects of varia- 
tions from the ideal. They have established the fundamental relations 


of waste-heat dissipation from the human machine and conditions of 
comfort or efficiency. 

The manner in which the human system disposes of the heat generated 
by its physical and chemical activities is by radiation, convection and 
evaporation. It has thus been established that there are certain relations 
between body and skin temperatures and the temperature, humidity and 
velocity of the surrounding air. These relations have been recorded 
graphically in Fig. 1. This chart shows the relations of dry-bulb and 
wet-bulb temperatures and of air motion to effective temperatures, a 
given effective temperature including all the combinations of those three 
factors which produce the same degree of comfort. It will be noted 
that in the higher temperature range, that is, at temperatures normally 
existing in some mines, the cooling effect of air velocity is small, and the 
effective temperature approaches the wet-bulb temperature. At about 
100° F. effective temperature, there is no difference in cooling effect 
between still air and air in rapid circulation. At higher effective tem- 
peratures, air circulation becomes detrimental rather than beneficial as a 
cooling means. 

At 100° F. dry} bulb and 80° F. wet bulb, the effective temperature 
in still air is 86.5° F. By increasing the air velocity to 700 ft. per min., 
the effective temperature can be reduced to 83.5° F. This gives a reduc- 
tion in effective temperature of 3° F. by considerably increasing the 
air velocity. Very little gain, however, would result from boosting 
this velocity to 1000 ft. per min. By extrapolation it is found that 
this velocity reduces the effective temperature another half degree. 

Our conclusions from a study of this chart would be that in some 
deep mines there is little to be gained in cooling effect by simply 
increasing the velocity. This increase, of course, may mean a greater 
volume of air, which might lower the air temperature in the mine. The 
economic balance of the greater power required for increased circulation, 
as against the net gain in cooling effect, offers interesting material for 
study and analysis in itself.” 

At the higher temperatures, the loss of heat by radiation and convec- 
tion is small. Most of the heat is removed by evaporation and conse- 
quently the wet-bulb temperature of the air plays a very important part 
in its cooling effect. 

Another interesting lfact established at the Bureau of Mines is the 
effect of clothing on comfort at the higher temperature.! In still air 


1C. P. Yaglou and W. E. Miller: Effective Temperature with Clothing. Trans. 
Amer. Soc. Heating and Ventilating Engrs. (1925) 31, 89. 
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with 94° F. effective temperature, it made no difference » o5 
subject was normally clothed or stripped. Below this temperature, — 


human beings were cooler when not clothed, whereas at higher ‘' 


temperature clothing was beneficial in that it aided cooling by a 
greater evaporation. ; 

These results indicate the effects of atmospheric conditions on health 
and comfort alone. That health is a necessity to human efficiency is a 
universally accepted truth. Relative results of the effect of comfort on 
efficiency have also been investigated.” 

_ These tests indicate that with air at 100° F. dry-bulb tarnpentining and 
100 per cent. R. H., there was no difference in the amount of work accom- 
plished, whether fe air was still or in motion. The work accomplished 
at this condition was only about 40 per cent. of that at 90° F. and satu- 
rated, and 30 per cent. of that at 100° F. dry bulb and 60 per cent. R. H. 
The fatigue in each case was as nearly equal as could be measured. 

From these data it appears that for the atmospheric conditions having 
an effective temperature approximately the same as body temperature 
the cooling effects of high-velocity air and of the removal of clothing are 
nil, and further that the physical activity of those exposed to such condi- 
tions necessarily approaches a minimum. 


Sources oF Heat In MINES 


The general sources of heat in the mine are wall surfaces, men, explo- 
sives, machinery, and the cooling of new rock as opened up. This 
latter source is greater than all others combined and increases with 
depth, or the rock temperature. In most of the deepest metal mines, 
these sources produce virtually all of the heat load. There are, however, 
other mines in which heat is evolved by some form of chemical reaction. 

The present method of cooling these mines is chiefly by circulation of 
large quantities of air throughout the workings. This air, however, in 
passing through the mine from the upper to the lower depth is heated by 
adiabatic compression and by the increasing rock temperature. It is evi- 
dent, therefore, that if we establish a maximum permissible temperature at 
the bottom of the mine, the difference between this temperature and the 
actual temperature of the air due to adiabatic compression and rock heat 
sources is gradually diminished, or, in other words, as the depth is 
increased, the useful cooling effect per pound of air approaches zero. 
Since the adiabatic and rock temperature effects are due to depth alone, 
it is further evident that the desired atmospheric conditions cannot be 
maintained by increased air circulation alone. It has been estimated 
that this condition generally limits the depth to which mines can be 


2, W. J. McConnell and C. P. Yaglou: Work Tests Conducted in Atmospheres of 
High Temperatures and Various Humidities in Still and Moving Air. Trans. Amer. 
Soc. Heating and Ventilating Engrs. (1925) 31, 101. 


’ successfully worked, in most regions without some means of cooling the 


_ the air, to about 7000 or 8000 feet. 
The work of compression of air or any other gas in passing from one 


_ state to another of higher pressure is the same regardless of the means 


used to accomplish the compression. This, of course, is modified by the 
understanding that the efficiency of compression is the same. Thus it 
makes no difference whether the air is compressed mechanically or by the 
gravitational weight of its own columnar mass, in passing from the 
surface to the bottom of the mine. If we have an adiabatic column of air 
of a given height, the barometric pressure of this column is related to the 
height at any point thus:? 


J abate P\k=-1 
monn (chan[(R = 
The work of compression when the air from the upper part of the column 


is caused to pass to the bottom occurs adiabatically. This work may be 
expressed by the relation 
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The temperature resulting from this compression is represented by 


the relation 
T _ (P:\2=! 
Pa 8 ee 


he and h, = final and initia] heights respectively. 

R = gas constant. 

W = work of compression. 

P, = initial absolute pressure. 

P, = final absolute pressure. 

T, = initial dry-bulb temperature of air, degrees absolute. 
T., = final dry-bulb temperature of air, degrees absolute. 
k = ratio of specific heats, or adiabatic exponent. 


3 Derived from the relations for work involved, by W. H. Carrier: Centrifugal 
Compression as Applied to Refrigeration. Refrig Eng. (1926) 12, 253. 

An approximate formula given in American Civil Engineers’ Handbook (1920, 
Mansfield Merriman) for establishing differences in elevation from barometric readings 


is: 
a ts =e ta get 64 
D = 60158.6 (log h — log | 1 900 | 
D = difference in elevation in feet. 
h = height of mercury column at lower station. 
= height of mercury column at higher station. 
t’, and ¢, are the observed air temperatures. 
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temperatures corresponding to this rate of total heat gain will : increase | 
as indicated by the dotted lines. : 

There are, of course, other sources of heat ina mine. To this intake 
temperature rise must be added the heat from the rock surface, which in 
general is in the form of moisture and mainly increases the wet-bulb 
temperature. Friction further adds a small amount of heat to the air. 
These effects are to a degree cumulative but tend to combine in such a 
manner as to approach a saturated condition very close to the existing 
rock temperature at the different levels. 
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Fig. 2.—ADIABATIC TEMPERATURE GRADIENT. 


The analysis of the causes of the existing atmospheric conditions in 
the lower levels of deep mines shows conclusively and accurately the 
seriousness of this problem at greater depths. The necessity for cooling 
is firmly established by experience and by the results of studies of the 
physiological effects of different psychometric conditions. 

Probably the most practical means of cooling is by refrigeration. The 
desirable location of the cooling and conditioning plant might be questioned. 
It may be located at the surface outside of the mine or at some point 
below the surface. Since we are primarily concerned with the cooling of 
the portion of the mine that is being worked, it is evident that this is the 
zone in which we want the coldest air. Theoretically it would be possible 
to cool the air at the surface as well as at the working levels by simply 
cooling to a lower temperature to allow for the natural rise due to adia- 
batic’compression, but the results of records at one mine, by Tillard and 


the heat added to the air due to the change of pressure. The wet-bulb a 
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4 Ranson‘ showed that there is very little difference in the final wet-bulb 
a temperature of the air after it has passed the 6000-ft. level when the enter- 
_ ing conditions at the surface range from 32° wet bulb in winter to 62° wet 
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bulb in summer. The observations of others confirm this tendency. 
This would indicate that the purpose of a low-temperature air at the sur- 
face is largely defeated by the increased heat absorption before reaching 
the areas to be cooled. J. A. Jones® has effectively expressed this result 
in his conclusions after analyzing the existing influences. First, speaking 
of the relative amounts of heat to be extracted in surface and subsurface 
plants, he continues: . 

This would appear to indicate the superiority of a surface cooling plant. But 
consider what happens when the cold air is passed down into a hot mine in this way. 
The air heats up rapidly, both by adiabatic compression and by heat-flow from the 
rocks, this latter being enormously increased by the larger difference of temperature 
between the air and the rocks. As the air warms up, its affinity for water increases, 
and the air soon becomes damper. The result is that only a fraction of the cooling 
effect produced on surface survives at the bottom of the mine. 

On the other hand, if the cooling is carried out near the place at which the air is to 
be used, a much larger percentage of it will be usefully available. 

A “positional cooling-plant efficiency” might be defined as 


decrease in total heat per pound of dry air in the workings 
amount of heat abstracted by the cooling plant per pound of dry air 


A surface plant might, in the bottom workings of a mine, have a “‘positional effi- 
ciency’’ of 50 per cent. while a plant working at the bottom of the mine would have a 
positional efficiency of nearly 100 per cent. So that, to produce the same cooling 
effect in the workings, the surface plant would have to be twice the size of the under- 
ground plant. Of course, against this great advantage of a decrease in the size of the 
plant must be placed such disadvantages as the questions of pumping cooling water, 
underground excavations, etc. 


This would indicate clearly the operating advantages of a plant 
located as near as possible to the working level, so that the cooling effect 
created may be utilized most advantageously. 

There are other factors, however, which demand precedent in deter- 
mining the location of the cooling system. This was realized at the 
Morro Velho mine of the St. John del Rey Mining Co. Ltd., Brazil. 
The location of this plant at the surface was the recognition of the impor- 
tance of factors which could not be disregarded. In the first place, this 
represented the most desirable type of equipment available at the time 
this installation was being designed, about 1914. ‘The cooling plant is 
enormous in size and would have entailed a very considerable expense for 
underground installation. Another factor is the character of the refrig- 


4M. O. Tillard and E. C. Ranson: Rock and Air Temperatures in Deep Level 
Mines. Jnl. Chem. (1926) 26, No. 8, 184. 

5 J. S. Jones: Hygrometry for Deep Mines. - Trans. Inst. Min. and Met. (1924) 
34, Pt. 1, 3. 
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erant. A mine is not the place in which to install equipment containing — 
noxious vapors. A third serious difficulty was a suitable and sufficient . 
supply of cooling water at the proper temperature for the refriger- 
ant condenser. 

It is evident, therefore, that regardless of the favorable operating 
advantages of a subsurface cooling and conditioning plant, such a plant 
presents other problems requiring careful consideration. 

A complete cooling system to meet these requirements must be rea- 
sonably small and safe in operation and should perform two major func- 
tions: (1) it must remove the heat from the downcast air, just before it 
enters the working places; (2) it must find some means of discharging 
this heat outside the mine, without returning it to any part of the work- 
ing zone. The system to be described accomplishes this in four steps. 
The heat is removed from the entering air by cold water, the water thus 


Fig. 3.—SPRAY-TYPE DEHUMIDIFIER. 


warmed is recooled by refrigeration, which transfers the heat to another 
water circuit. The water in this latter circuit finally disposes of the 
heat to the upcast air, which carries it from the mine. 

For cooling and dehumidifying the air, there are a number of methods 
of heat transfer from the air to the refrigerating medium. The air may 
be cooled by contact with a cold surface, like a bunker coil, by direct 
contact with cold spray water, or by a combination of the two, where the 
air passes through the bunker coils over which water is allowed to shower. 
The efficiency of heat transfer from the air to bunker coils is such as to 
require very large surfaces or very low brine or refrigerant tempera- 
tures inside of the coil. By directly spraying water into the air, a 
very large cooling surface, represented by the many individual drops of 
water spray, is presented, which enables air dew-point temperatures to be 
obtained, which are very close to the temperature of the cold water 
leaving the spray chamber. This method of dehumidifying is not appli- 
cable to temperatures below 32° F., unless a nonfreezing solution is used. 
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The cooling of mine air at the working levels, however, does not require 
such low temperatures. Fig. 3 shows a typical spray-type dehumidifier. 


One recently developed refrigerating unit, which has some features 
that seem favorable to an underground air-conditioning plant, is of the 
centrifugal compression type. Fig. 4 shows diagrammatically the 
assembly and operating cycle of the complete system. The compressor is 
mounted directly on top of the cooler and condenser, which are of stand- 
ard shell and tube construction. These are the three essential elements 
and have the same functions in any compression refrigerating system, 
but vary greatly in form and construction. The motor for driving the 
compressor is connected through gears to the.*compressor shaft and 
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Fig. 4.—DIAGRAMMATIC ARRANGEMENT OF CENTRIFUGAL REFRIGERATION UNIT. 


mounted on one end of the cooler and condenser. The auxiliaries are a 
small refrigerant pump and purge pump. The refrigerant pump elevates 
the refrigerant from the bottom of the cooler to the top and showers is 
over the tube surface. This gives a flash type of evaporation, which it 
very efficient. Since this system operates at pressures below atmos- 
pheric, a small automatic purge unit for maintaining the system free of air 
or noncondensable gases is provided. 

All of these elements are assembled in one compact unit. One of the 
unique features of this system is the absence of valves. There is no 
valve in the compressor itself, neither is there an expansion valve nor a 
valve of any other type in the entire circuit. The only mechanism which 
might in a sense be regarded as a valve is the float trap, which returns the 
liquid condensate from the condenser to the cooler. This is not in reality 
a valve, as it does not require a valve seat; it merely functions as a return 
trap and is not required to close tightly. 
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Fig. 5.—CoNnstRUCTION OF WATER COOLER IN CENTRIFUGAL REFRIGERATING SYSTEM. 


The construction of the compressor is similar to that of a multistage 
centrifugal pump. Fig. 6 shows the compressor with the top cover . 
removed. The rotor is supported on two standard sleeve bearings which 
are ring-oiled. There are no other points of contact between moving and 


Fia. 6.—INTERIOR VIEW OF CENTRIFUGAL COMPRESSOR. 


stationary parts, which illustrates the simplicity of construction and the 
absence of sources of mechanical trouble. 

A centrifugal compressor, like the centrifugal pump or fan, is well 
suited to accommodate its performance to load requirements. In fact, 


its operation and control are almost identical with that of the centrif- 
ugal fan. 
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and ease with which it may be handled. The most preferred refrigerant 


ie is Carrene (CH2Clz). It is not combustible nor does it endanger human 


life. Being a liquid at normal atmospheric temperatures and pressures, 
Carrene may be carried in open containers, like water. To charge the 
refrigerating machine with Carrene, the liquid refrigerant is drawn by 
vacuum into the system from an open container. Table 1 shows the 
physical properties of Carrene. Since the normal atmospheric boiling 
point is 105° F. at 29.92 in. Hg, it is apparent that all parts of the system 
are at pressures below the surrounding atmosphere at normal operation. 

The heat which has been removed from the air by the refrigerating 
machine must be conveyed by some means from the mine. The upcast 
air, after it has passed through the working levels, offers the only conveni- 
ent means for disposal of this heat. A spray system similar to that used 
for the dehumidifier may be employed for transferring the heat from 
this warm water to the outgoing air. This will be done at a fairly high 
temperature level. 


TasLE 1.—Standard-ton Data on Carrene (CH2Cl:z) 


PECINMIOLA LIE Crs waters ieike wR Sais cians ars.g ocdid.s aie fo ¥ 5. 5° F. 86° F. 
AL SOnIbe: PrESSULer LL ps. IMs, uses f Gers t eles eueltie eee yee 2.39 20.5 
SUG Wearebe nated & Ie Stele 3 Geianes case grh site, cote ence teen ane ee 27.53 9.42 
Molume-vApor cuit. perilbievesu:... 00 be cats. cee 49.9 Gar 
PPerisieyaiona Cle Lh. rper Vol sree mr cicla f,8.arsusiauclaie 4 oiclee 2 85.6 81.2 
Mensity—VapOr yells dt-rpen. Ls ils ae cutetet= «diese sess Bees Ae 0.02 0.1494 
Heat-liquid, B.t.u. per Ib., above 0° F. .. os... ea. c ee ee ine 29.2 
Pleat latent, 15h. 1st DOL 1D ae rigetcgetibe cae iperi vapors potavalines Qicnsveh ccapen'ehe 162.0 143.5 
ea t=va por bl Per ID nar matstie as pciey wirsicls  < wiere.c aaheisia's 163.7 172.7 
RIDECHIGICATIOL MQ UIC eit -pys termeai)s seo a hel saiehn «2 nc etapa 0.34 
RPecie Mest OlnVapOl Cpas tes tie. cas cine auersueiseushs =a Seeheheeyaie 0.154 
Snccwac heat on vapor Cy...) preven. sett Oes we ec es ete Sarees bs 0.131 
eee ea SM ns EI sic dos gic Wis. 6 wey 9d 8 5-30 8.0.9 ce 1.18 
Bpecise gravitytiquid, (water = 1)...5. 2.6.0. secs ci eee en een bes 
Specific gravity-vapor, (air = 1)..............0 eee eee “CEES 3.0 
Critical pressures loa per Sq. 1, CABS.) ic suevss > snus Sores ele ec uape 1490 

Meron leMmpOrntIOn accom ere cee bcc ee ee cneanee 421° F. 

INS Siena bee ASE 6 AS ee ea coe 84.9 
CLS eS RE ee a —142° F. 
UES EOE 65s a) Sp ea 105° F 


By assuming a general hypothetical case the approximate magnitude 
of the elements involved and the results obtainable may be indicated. 
Figs. 7, 8 and 9 show such a plant in principle, together with the general 
scheme of air circulation, for conditioning the air just before it enters the 
working levels. The dehumidifying apparatus is located about 5000 ft. 
below sea level and the barometric pressure is 35 in. of mercury. The 
capacity of the assumed plant is 5600 lb. of air per min. This air may be 
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treated in two ways. 
through the dehumidifier, where led ti 
ture and then mixed with the remaining air. The altscnntie ) 
have a larger dehumidifier and cool the total air mass, but to a. different 
dew-point temperature. . ) 
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Fig. 7.—VENTILATION DIAGRAM. 


The air-conditioning apparatus room shown is about 24 by 40 ft. by 
12 ft. high. Different proportions would be obtained by changing the 
arrangement. The air enters at a dry-bulb temperature of 100° F. and a 
wet-bulb temperature of 75° F. Part of this is passed through the 
dehumidifler, where it is cooled to a low dew-point temperature. This 
portion of cooled air is mixed with the uncooled portion, producing a 
resultant air volume at a temperature of 75° dry bulb and 64° wet bulb. 
The air then enters the working zone and after passing through all of the 


. wet bulb, and it has ,000 B.t.u. 
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Fig. 8.—AIR-CONDITIONING PLANT. 
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‘ The air at this final temperature, before it is removed from the mine, 
3 is passed through a humidifier which serves the purpose of a cooling tower. 
3 This air is used to cool the condenser cooling water. The water in this 
case comes from the condenser at a temperature of say 100° F. and after 
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having absorbed heat from re antes “aati eee a eee ¢ s 
90° F. saturated. From this point it is s exhausted directly from the xv 


air-conditioning plant. Each individual mine, no denbt. has its redsor . 
problems, which would introduce many variations in detail. 
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DISCUSSION 


E. Daviss, Morro Velho, Brazil (written discussion).—The system of underground 
air cooling which Mr. Waterfill describes would seem, in theory at any rate, to be the 
most advantageous that could possibly be conceived from the point of view of the 
mine operator, because (1) the refrigerant is nonpoisonous and need not be stored 
under pressure, and (2) a high-speed turbocompressor is employed, which reduces to 
a minimum the over-all dimensions of the plant and, consequently, of the excavation 
to contain it, and results in a lower total cost per unit of refrigeration than could be 
obtained by other means. 

The value of the paper would be increased if Mr. Waterfill would give the power 
consumption of the hypothetical underground plant which he describes and illustrates 
in Figs. 7, 8 and 9. This power consumption would be, approximately, the sum of 
the following three items: 

(1) Power input to compressor motors. 

(2) Power input to the pumps supplying cooled water to the sprays of the air-con- 
ditioning dehumidifier. 

(3) Power input to the pumps raising the warmed condenser water through the 


assumed height of 600 ft. to the condenser water cooler and forcing it through the 
sprays of the latter. 
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into the ees water pumps would be Pagers from 
cooled water returning from the condenser water cooler, which would reach the 


“main plant at a head of 600 ft., less pipe friction, and therefore could be employed to 


drive a Pelton wheel or other eas of hydraulic motor. Even so, probably the power 


_ consumed under item 3 would amount to a considerable percentage of the total require- 


ments. When the comparatively high water pressure involved is considered it will also 
be realized that the cost of the upgoing and downcoming water pipe lines, together with 
that of the pumps and hydraulic motors, would form an appreciable proportion of the 
total outlay for the plant, and for these reasons I am of the opinion that in the case of 
an underground installation such as Mr. Waterfill describes it might pay to place the 
main cooling plant at the same level as the condenser water cooler: i. e., at the 6400-ft. 
level in the hypothetical mine shown in Fig. 7. This course would entail some sacri- 
fice of the “positional efficiency,’”’ but I believe that in most cases it would be com- 
pensated for by savings in power and cost and by greater simplicity. 

Mr. Waterfill refers to the condenser water cooler at the upper level as a humidifier, 
which is, of course, a strictly accurate description: however, in Fig. 9 this apparatus is 
marked dehumidifiers” and the water pipes leading to and from it are shown as 

“pipes to dehumidifier.” This is a small matter but I think it is worth pointing out, 
as it might possibly tend to confuse anyone not fully conversant with these problems. 
_ The system which Mr. Waterfill describes has already been successfully employed 
for some time in conditioning the large air volumes used in the ventilation of cinema 
theaters and other public buildings, and there would seem to be no reason why it 
should not meet with similar success when applied to mining. 


R. W. WaTERFILL (written discussion).—Mr. Davies’ suggestions are of real value 
in increasing the practical value of the paper. In order to make the paper concise 
many important details were omitted. Asa great deal of explanation might be neces- 
sary to make sure that no misunderstanding of the conditions on which the horse- 
powers, etc., are based, such figures were avoided. The approximate horsepowers 
required to operate the hypothetical plant illustrated in Figs. 7, 8 and 9 are given below. 
It is to be remembered, however, that even in this arrangement, variations in water 


velocities, number and type of pipe fittings, efficiencies, etc. materially affect the . 


results. The brake horsepowers are estimated as approximately: 
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Ttem 3 could be considerably reduced by placing the condenser water cooler approxi- 
mately on the same level as the other equipment, wherever this is possible. The 
actual pumping power may be made as low as 25 hp. Item 3 illustrates the point 
previously made regarding the possibility of misleading conceptions resulting from 
attempts to give such data in an article of this kind. 

The term humidifier should be used in all references to the condenser water cooler 
unless perhaps we should speak of it simply as the condenser water cooler. 
Fig. 3 illustrates the dehumidifier used in cooling the air supplied to the working places. 
The humidifier is of the same general appearance. The terms humidifier and dehumid- 
ifier are chiefly descriptive of the application rather than appreciable differences in 
equipment. The former indicates that the purpose is to add water vapor to the air 
passing through it; the latter, to remove water vapor from the air, 
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Ventilation at United Verde Mine cet 


By Oscar A. GLansnR,* JEROME, ARIZ. 


(New York Meeting, February, 1929) 


Tur mine and plant of the United Verde Copper Co., located in Yav- 
api County, at Jerome, Arizona, have been described in various technical 
publications and, therefore, a brief outline of its essential features will 
suffice. The orebodies are of the schist replacement type, the main 
sulfide mass being a large lens-shaped body approximately 7 acres in 
cross-sectional area. In general, the mineralization is found along the 
iron-schist contact, with the orebodies extending about 1000 ft. along 
this contact and varying from a few feet to 250 ft. in width. The mine 
is located on a mountain slope and has openings into it on three horizons, 
as follows: 

1. Raises and ore passes open vertically into the shovel pit. These 
extend down to the 1000-ft. level, where they terminate as loading bins 
in the Hopewell adit. The main fan intake air shaft, which also extends 
vertically down to the 1000-ft. level, has its surface opening on the hill- 
side at the extreme north end of the shovel pit, and the main mine air 
return exhausts through a raise at the extreme south end of the shovel pit. 

2. The 500-ft. level adit. | 

3. The Hopewell adit on the 1000-ft. level. The mine has a vertical 
downward extent of 2000 ft. below the 1000-ft. level. 

Underground operations are carried on through two main shafts, 
both of which are wholly underground. Shaft 5 is the ore-hoisting shaft. 
It has three compartments and extends from the 800 to the 3150-ft. 
level. Shaft 6 is the service shaft, and is used for lowering and hoisting 
men and material. It has a large cage compartment and three smaller 
compartments for counterweights, ladderway, and pipe and power lines. 
This shaft extends from the 500 to the 2550-ft. level, and is now being 
extended to the 3000-ft. level. 

An air shaft for the downward movement of fresh air from the fan 
has been provided, and extends to the 2550-ft. level at this time. Work 
has been started to extend this air shaft to the 3000-ft. level. A return 
airway for vitiated mine air, in the form of raises and short connecting 
drifts, extends downward to the 2100-ft. level. ; 

The underground mining operations extend from the 300 to the 3000-ft. 
level. There are about 45 stopes in active operation on the 17 levels 
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. ; 
BS. oe Rshove ae 2400-ft. level and approximately 24 development faces are 


_ being carried forward at this time. There are also about 16 miles of 


_ open drifts and crosscuts, all of which must be served in the general 
scheme of ventilation. 


The ore-extraction methods, in the order of their importance, are: 


horizontal cut and fill; square set; top slice; inclined cut and fill; timbered 


rill; shrinkage. 


NeEckEssiITy FoR MECHANICAL VENTILATION 


Mechanical ventilation is utilized at the United Verde mine to over- 
come conditions incidental (1) to mining operations and (2) to the depth 


_at which operations are now carried and (3) to keep cool all workings 


adjacent to a sealed fire area. 

The main objects to be accomplished are, first, to maintain a healthy 
atmosphere with a maximum oxygen content; second, to keep down the 
temperature and relative humidity of the mine air; and, third, to main- 
tain an air current which will sweep all workings free of blasting fumes. 

The’ atmospheric standards aimed at are: temperatures in working 
places not to exceed 80° F.; relative humidity in working places not 
over 80 per cent.; air velocity 125 to 150 ft. per min.; volume of air per 
man (minimum) 250 cu. ft. per min. 80° F. may appear to be a high 


‘temperature; however, if sufficient air is circulated so that the tempera- 


tures in the bottom development-faces, where the rock temperature is 
95° F., even approaches 80° it is found relatively easy to keep below that 
temperature in other workings where definite air currents have been 
long established. 

Air velocities are as a rule difficult to maintain where most needed 
such as at development faces and in stopes. Velocities of 1000 ft. per 
min. may be maintained in manways and raises leading into stopes, 
and yet the velocity in the stopes may be relatively slight, depending, 
of course, on the open area of the stope. Velocities of over 500 ft. per 
min. are too high for ladder manways, since it is difficult to keep a light, 
and dust in eyes is a common occurrence which may at any time be 
translated into an accident. Where large volumes of air must be passed 
through a drift or raise, high velocity becomes a necessary evil. Such 
cases are the exception rather than the rule. 

The desired absolute minimum for each worker is 250 cu. ft. of air 
per min. Practically all working places have an air circulation far in 
excess of the minimum. In fact, the actual volume of air delivered into 
the mine is equivalent to about 740 cu. ft. of air per man per minute. 


Effect of Surface Temperature on Mine Air 


All of the air handled by the main fan on the 1000-ft. level (Fig. 1) 
is drawn from the surface through a shaft 980 ft. deep and 169 sq. ft. in 
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tion ew ee present fan-operating conditions the air will 
raverse the ene length of this shaft in 40 sec. The temperature of 


surrounding rock can have but little influence on the temperature of the 
_ air moving in the shaft. In Table 1, under the August temperature 


column, it will be noted that there is a drop of 7° F. from the surface to 


the fan intake, and a rise of 4° F. in the fan; the latter is due to heat 
given off by the electric appliances and to friction within the fan. The 


temperatures taken in October at the same points would indicate that 
the rock temperature of the intake shaft is in the neighborhood of 70° F., 

as there is practically no difference in the air temperature between the 
surface and the fan intake. Under existing summer conditions, the mine 
workings absorb heat from the air when in reality the reverse should 


TaBLE 1.—Temperature and Humidity of Mine Air 


Mine Fresh Air Supply | Aug. 20, 1928 Oct. 22, 1928 

Relative Relative 

Level, Ft. Leia Oe Temperature, Humic dity, Sas tna Hu mi ii ity, 
Surface ee oe 92 13 — 70 Dp. 
Intake side of fan. 85 16 ; 70 22 
Discharge side of fan. 89 ; 13 : 71 20 
Difference due to fan. +4 " =—83 +1 —9 
1,000 20,000 89 13 71 20 
1,200 37,200 89 13 71 20 
1,350 9,000 a5 80 13 {gis 20 
1,500 8,000 89 13 72 at 
1,650 38,600 89 13 72 21 
1,800 45,000 88 15—- 73 22 
1,950 8,200 87 19 73 22 
2,100 3,000 87.5 19.5 13 25 
2,400 48,000 82 27.6 73 28 


be the case. Cooling development faces in ground temperatures of 
95° F. with air, which to begin with is 82° F., has been found difficult. 
If, however, a sufficient volume of this air with a low moisture content 
can be brought to a working face with a velocity of 150 ft. per min. or 
higher, the cooling effect on the men will be considerable. Just how the 


high temperature of the intake air can be reduced without the installation 


of a costly refrigeration plant is not known, since the summer of 1928 
was the first hot season under the new arrangement. Experiments with 
cold-water sprays have been tried on a small scale, and these will be 
continued in the future. 
Heat and Humidity Due to Rock Temperature and Mine Water 
Rock temperatures due to depth are at this time a factor only below 
the 2400-ft. level. ‘Temperatures taken in drill holes and of mine water on 
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bed the rock temperature on Ate 2400-ft. level i is 37 BoE — on the 


300-ft. level 65° F | we 


Effect of Sulfides on Air 


It is probable that stopes in solid sulfides require more air than do 
stopes in any other kind of rock. The air leaving such stopes is generally 
warmer than that leaving other stopes. As a rule the humidity is also 
higher and, further than that, the air has a faint but characteristic musty 
smell. All of these conditions can be eliminated almost entirely by 
increasing the air circulation through such stopes. 


Heat Radiation from Sealed Fire Area 


A portion of the sulfide mass is termed as the “fire area” inasmuch 
as certain areas in it are burning and have been for some 35 years. 


The fire area is almost wholly in q block of ground 500 ft. long, 300° 


ft. wide, and reaching from the surface to the 800-ft. level. This area 
has a tremendous heating capacity. Temperatures taken behind various 
bulkheads range from 170° to 190° F. Temperatures in open drifts 
passing this area were formerly 90° to 95° F.; through better ventilation 
these temperatures have been reduced to 75° F. The areas in which ore 
is now being mined on the upper levels are some distance from the actual 
fire zone and are not affected by it. 


Mine Gases 


The massive sulfides of the United Verde mine contain as high as 46 
per cent. sulfur. Blasting in this “hard iron” frequently causes the 
formation of sulfur dioxide (SO) and hydrogen sulfide (H.S), both of 
which are exceedingly dangerous. A concentration of 0.05 per cent. 
SO, is dangerous upon exposures of longer than 30 min.; while a concen- 
tration of 0.06 per cent. H.S will cause unconsciousness within 2 min. 
and death within 15 min. Samples of these gases were taken in a heavy 
sulfide drift 15 min. after blasting, and analyzed by the U. S. Bureau of 
Mines.' The analyses indicated 0.09 per cent. SO. and 0.07 per cent. H.S. 

A system of electric signals has been installed on the various levels 
below the 2100-ft. level. The order of blasting is downward from level to 
level. When the men on one level have spit their shots and passed the 


1K. D. Gardner, G. W. Jones and J. D. Sullivan: Gases from Blasting in Heavy 
Sulphides. U.S. Bur. Mines Rept. of Investigations 2739 (March, 1926), 
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7 ‘signal aedon ther Sees is sent down to the next level. Word is then 
sent out on that level to light their shots and so on down. This system, = 
j ten strictly followed, eliminates all chances for men being caught in an - a 

ascending current of gassy air. The men below the level which is blasting ' 

at any particular time are protected against gases coming down on them a 
only by ascending air currents. The necessity of keeping all air currents 
upcast is of great importance. | ; “ 
Blasting fumes or powder smoke are of little or no importance because 4 
practically all heavy blasting is done at the end of the shift. 


Dust 


In general, dust has not been a problem throughout the mine. This is 
due chiefly to the fact that dry drilling is prohibited. Dust has required . 
attention, however, at the loading bins in the Hopewell adit and at : 
transfer points in waste raises and ore grizzly chambers. Strong air 
currents are used at these points to keep the dust back and water sprays , 
have proved effective in settling dust. 


Decay of Mine Timber . 


Considerable attention has been directed to the possible prevention of 
decay of mine timber. Where fungus growths once flourished, good 
ventilation has brought about a healthy timber condition which is 
unquestionably an aid in reducing the cost of timber and timbering 
in the mine. ‘ 


Main Air Courses 
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The main air courses may be classified into three groups: (1) the 
fan intake shaft (known as 19-R air raise) ; (2) the main air delivery shaft; 
(3) the main return airway. The fan intake shaft is the surface connec- 
; tion to the intake side of the fan, and was driven solely for this purpose. 
The shaft has an effective cross-section area of 169 sq. ft., and is approxi- | 
mately 980 ft. deep. The walls are supported by concrete rings 3 feet 
wide, spaced 4 ft. apart. The saving over a solid concrete lining is esti- 
mated at 40 per cent. Taking all factors into consideration it was felt 
that the air requirements for years to come would be such that there 
would be relatively little loss due to friction. The maximum velocity 
at this time is 1500 ft. per min. There are no connections to the inter- 
vening levels, except one; a small drift was driven on the 500-ft. level, 
from which the work of raising to the surface was conducted. Because 
the shaft is under a negative air pressure, and in order that the fan would 
at no time draw air from the 500-ft. level, two iron doors, set in concrete 
frames, have been placed in this drift. The outer door is kept locked 
at all times. 


Shaft three, which was origi 
1950-ft. level, has been cohen to Potiain' air nea 
concrete bulkhead 5 ft. thick was put in the shaft about 20 ft. ab 


1200-ft. level. An inclined raise, 300 ft. long, connects this shaft immedi- _ 


ately below the bulkhead with the outlet side of the main fan. The 
shaft was stripped of all timber. Concrete walls were built at all. level — 


intersections with a 4 by 6-ft. iron regulator door at each station, which 
can be quickly adjusted for any desired quantity of air. The shaft is in 


solid diorite requiring no support, and therefore it was left unlined with an 
effective open cross-section area of 80 sq. ft. Slightly inclined raises of 


the same cross-section area connect all levels from the 1950 to the 2400 © 


ft. levels, inclusive. Fresh air is taken off on all levels, beginning with 
the 1000-ft. level and ending on the 2400-ft. level. It will be noted 
from Table 1 that the volumes taken off vary greatly on different levels. 
The reason for this will be discussed later; attention is called to it here 
merely to point out the importance of dependable regulators on all the 


“levels by means of which the amounts taken can be adjusted to suit 


the needs. 

The main return airway consists of a series of raises and connecting 
drifts of various lengths, beginning on the 2100-ft. level and extending 
upward to the 900-ft. level. At this point it connects with the old shaft 
4 which extends to the 300-ft. level. A drift and a short raise to the 
surface complete this return air course. All raises and drifts in this 
course are stripped and free of timber. The shaft was stripped and lined 
with concrete rings. All mine openings driven to complete this return 
air course have an effective open cross-section area of 120 square feet. 

At the present time air enters the return on the 2100, 1500, 1350, 
1200 and 1000-ft. levels. Regulators are not necessary at the junction 
points. The full size is maintained at the intersection so as to offer as 
little resistance as possible to the flow of the air. 


Air DISTRIBUTION AND REGULATION 


As in most metal mines, the United Verde has its main haulageways 
with drifts and crosscuts branching off in various directions and at varying 
intervals. Chute raises and manways into stopes are bys up wherever 
necessity demands. 

The air shaft discharges the fresh air through a sae into the 
main haulageway. ‘The intake air then splits at the drift intersections, 
spreading over the entire level. Wherever an opportunity is afforded, it 
moves upward. Thus the stopes nearest the source of supply have a 
tendency, if not controlled, to take most of the air, leaving but little for 


“the_stopes located at the far ends of the orebody. Much work has been 
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~ done to overcome this uneven LEI IOE and the results have been 
reasonably and uniformly satisfactory. 


All stopes have raises through to the level above and inasmuch as all 
the air entering the stopes must pass through these raises, the best control 
is obtained at the top of the raises. Frames are set into these raises, and 
solid doors, or open mesh covers hinged to the frame, or a combination of 
the two is used, depending on the amount of air desired. This method 
has been found to be far more effective than regulation from below. 
Ordinarily the drift cannot be shut off by a door or regulator; as a rule, 
other stopes are on the same drift and these too must be served. Putting 
trapdoors in manways is not effective because chutes are constantly 
being drawn and any number of them may be oD at the same time, 
thus causing a large loss of air. 

Doors have been freely used to control air currents on the levels and, 
while many of them have been installed knowing that no immediate use 
would be made of them, nevertheless, in practically every case their 
installation has proved necessary and valuable in that they were ready 
for use when most needed. One of the important features of the ventila- 
tion system at the United Verde mine is that all air currents are, or should 
be, upceast after leaving the level drift which conducts them from the air 
shaft. It is one of the first duties of the ventilation department to keep 
them upeast. It frequently happens that when a raise is holed through, 
or a drift breaks into another, the air currents change in some district 
and become downcast. Such a condition must ordinarily be righted 
before the next blasting period in order that no gases move down on the 
men below. It is at such times that doors previously installed but not 
used serve their purpose. The fundamental cause for such reversal is 
then studied and adjustments made accordingly. 

One frequently hears of mines having good air in the drifts, but hot and 
humid conditions prevailing in the stopes. This condition is not neces- 
sarily the fault of the general ventilation system but is often due entirely 
to the mining methods which provide inadequate entrances to the stopes 
from below or outlets to the level above, or a combination of the two. It 
is at best a difficult problem to establish proper circulation over the 
entire stope. A miner may be working in some corner and be uncomfor- 
tably warm, and yet there may be from 5000 to 10,000 cu. ft. of air per 
min. circulating in the stope. In this case the probable trouble is that 
the air comes up the manway and takes the most direct route to the raise 
going to the level above. 

In coal mines the mining methods are such that, with the aid of brat- 
tice lines, the air is taken to the working face. In this case it is of vital 
necessity, not so much to keep the miner comfortable as to sweep away 
dangerous gases. In metal mines these explosive gases generally do not 
exist, hence, no brattice lines are used. Besides, with the back from 8 
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eee tating necessary = yey as well as most metal mines, it is aln 
impossible to carry brattices in stopes. At the United. Verde m 


considerable attention is paid to stope ventilation during the development : 
stages. Manways are so located that the far extremities get fresh air 


from below. Ventilation requirements are also considered when locating 
waste raises to the level above, so that the stopes have a reasonable dis- 
tribution of air through them. 
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VENTILATION OF DEAD ENDS 


Dead-end drifts and crosscuts are ventilated by auxiliary fans and 
tubing. Exploration work below the 2400-ft. level is carried on from a 
winze in the ore zone. A Sturtevant No. 10 blower, located at the collar 
of the winze on the 2400-ft. level, supplies fresh air to six working faces on 
three different levels. The air is taken down through 16-in. galvanized 
iron pipe, with a 16-in. branch on each level. A ‘‘T” at the end of the 
branch splits the air sending it in opposite directions. The pipe is 
reduced at this point to 12-in. Flexible tubing is used at the end of the 
metal pipe; 50 to 100 ft. of tubing, known as the “blasting end,” is in 
use is each drift. When the volume of air delivered at the end of the 
tubing is too small to properly ventilate the face, a compressed air-driven 
booster is installed in the line. Should the work in any drift stop, the 
tubing is removed and a metal cap placed over the end of the pipe, thus 
saving that air for some other drift. When the fan at the top of the 
winze on the 2400-ft. level was installed, the piping was so arranged 
that with four gates the air current could be reversed and the air drawn 
out of the winze levels. It was felt that this might be necessary in order 
to clear the faces from blasting fumes in time for the next shift to go to 


work. This practice has not been necessary, however, and the fan is used 


for blowing only. 

Another Sturtevant fan of the same size as the one mentioned above 
is being used as an exhauster in a 2100-ft. drift which, at this writing, 
is about 1750 ft. in length. The fresh air moves toward the face of the 
drift. It is picked up by an air-driven blower about 20 ft. outside the 
suction end of the exhauster pipe and sent to the face through flexible 
tubing 100 to 250 ft. long. A curtain between the blower and the suction 
end of the exhauster line has not been found necessary. Other drifts 
are ventilated by small electric units or compressed air-driven blowers. 
In all cases metal pipe or flexible tubing is used to direct the air. 


Arr SPLits 


Splitting of the intake air, or putting various parts of the mine on - 


independent air splits, is demanded by law in the coal mines of most of the 
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September to November, 1925 


Oct. 15 to 18, 1928 


800 to 600, inel. 64 


700 to 900, incl. 76.5 
1200 66.5 

1500 ; 71.5 

1650 ie 68.8 

: 1800 68.5 
i 1950 74.0 
2100 E, 79.0 

2250 73.5 

2400 74.0 
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_ * A indicates fresh air which has not been used; B, air previously used in one or two 
working places and freshened by addition of fresh air; C, vitiated air, used because 
there is no fresh air available, or because no other air course is available by which it 


might be removed. 


TaBLE 3.—Air Accumulation into Return Airway 
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, Relative 
Volume, Cu. | T ture, sti 
Level n#¥. Ft. per Min. | Deg. B.. | mumidity, 
ETO So Ror he a a 40,000 76.0 93.1 
TILT. peers age dita Sik Ae ect ea 21,300 75.0 95.5 
LHS B ns oe, cuca nO aca a a 10,400 76.5 90.5 
1 PAU «5 = 1+ Top Rahn 15,900 78.0 100.0 
| US Sas 5 PRE 0 er nee oe ee 12,000 76.0 100.0 
In: ees eee ee 99,600 
Through orebins, above 1,000 ft.-level....... 85,000 
Through shaft 5, bottom level ventilation..... 35,000 
Loss through shafts, open doors and leakage. . 35,400 
TIDE Oe ely t te Bahco ahaa eee geese ae 255,000 


states. That such a system exis 
than the rule. i 
Separate air splits for various parts ¢ of the mine were establianiee d ¢ 
1928. As shown in Table 2, under the column “Grade of Air,” | 
from A to D and combinations thereof indicate the condition of the ais 
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Fia. 2.—SErcrion THROUGH UNITED VERDE MINE SHOWING GENERAL SYSTEM OF 
VENTILATION. 


entering that particular stope. All grade A air comes direct from the 
fan; grade B has been used but once or passed through but one working 
place prior to its reaching the stope in which it is noted; grade C has been 
used in two places; and grade D having been used in three places, is 
considered vitiated and is directed to the return by the shortest possible 
route. Only a few stopes are ventilated by the so-called vitiated air. 


The fact. that they ate far removed from fresh air makes this necessary. 


Pa 


_ A number of’other stopes have used air of various conditions flowing 


through them. In most of these stopes this more or less vitiated air is 
_ freshened by the addition of intake air so that results are satisfactory. | 


For a clearer picture of air-splitting as practiced at the United Verde 
mine, reference is made to Table 1 and Fig. 2. From the table it will 
be seen that all levels get some fresh air, and that the amounts delivered 


5. é to the 1350, 1500, 1950 and 2100-ft. levels are less than the volume 
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delivered to the other levels. These are the gathering levels of the 
return air system. 


Fig. 3.—MAIN FAN DRIVE, SHOWING 400-HP. DIRECT-CONNECTED MOTOR, DRIVE 
SHAFT CLUTCH, AND BELT CONNECTION. 


Instead of releasing the fresh air on the various levels and allowing 
it to rise through the workings to the surface, its course is carefully 
controlled and, after the air has ventilated a number of working places 
and has become unfit for further use, it is withdrawn to the return 
air raise (Table 3). 


Main Fan 


The main fan is a Jeffrey, double inlet, reversible type, with forward 
curved blades. (Fig. 3.) It was put into operation in October, 1927. 


‘The rotor is 4 ft. 6 in. wide by 9 ft. dia. It is direct-connected to a 


G.E. 400 hp. 2200-volt, 280-r.p.m., 3-phase, 60-cycle, slip ring motor. 
A Westinghouse, type CW, wound rotor induction motor of 350-hp., 
2200-volt, 3-phase, 60-cycle, and 350 r.p.m. is used as an auxiliary 
drive. It is belt-connected and can be called into service on a moment’s 
notice by means of a clutch on the fan drive shaft. Both motor controls 
are on one switchboard. (Fig. 4.) A pushbutton switch cuts the power 
from one motor to the other. The speed of both motors can be changed 
at will by means of a pushbutton type control, with a bank of resistances 
in the secondary circuit arranged to give three speeds. 

Variable fan speeds have been found invaluable at this mine particu- 
larly during blasting periods when it is desirable to slow up the air cur- 
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Fig. 4.—NEw FAN STATION ON 1000-FT. LEVEL. 


shift, on Sundays and other holidays when the mine is not ona production 
basis. At such times the slow speed belt drive is used. At the present 
time the fan is operated at second speed on the direct drive on the day 


and afternoon shifts only, since full speed operation is not required 
under present conditions. 


OE 


"When Sea were Brtonded some years ago to the present lower 
‘i els, it became evident that the old ventilating system and its airways 
a would have to be improved. A series of tests were made on the fan 


installation in 1925. The results of these tests are briefly tabulated in — 


s Part A, Table 4. The fan, a 24 width, single inlet, Sirocco, was carrying 
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a load fen which it was not designed. Considerable mechanical trouble — 
was experienced from time to time because of the light construction 
and also because it was being operated at a much higher speed than that 
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Fig. 5.—CAPACITIES OF AUXILIARY FANS USED AT UNITED VERDE MINE. 


for which it was designed: A new fan installation was, therefore, 
decided upon. 

Future requirements were placed at 250,000 cu. ft. of air per min., 
at 5.3 in. pressure. After this fan was installed and placed in operation 
some tests were made on it. It was, of course, known that the fan 
would not operate under present conditions at its highest efficiency 
because the mine resistance has not been changed materially. It is 
expected to increase, however, when the air shaft is extended to the 
3000-ft. level. Tabulation B gives briefly the performance figures under 
present conditions. While the overall efficiency is not high, a much 
greater volume per horsepower is now being delivered than formerly. 


the. ieee ete c 
been of considerable help in t 
gives performance data under condi n 3 
This condition was obtained by closing the fan discharge until a pr 


of about 5.3 in. was obtained. 


AvxILIARY Fan EQuipMENT 


The two No. 1 Sturtevant blowers have already received mention. ce 
Their field of application is limited and they are, therefore, not considered 


as standard auxiliary equipment. (Table 5.) 


TaBLe 4.—Fan Performance Data 


A, Old Main Fan, 34-width Sirocco, Rotor Dia. 7 Ft. 6in. by 2 Ft. 6 in., Belt-drive, 400- 5 


hp., 280-r.p.m. Motor, October, 1925 


a Horsepower —| volume Oversit 
Fan, eee: Pres- per Hp., a 
Speed i u. Ft. i Gu. Ft. ciency, 
R.p.m. per Min. sure, In Theo Pere a AS ber 
10 eS aah. Shae aca 352 191,000 | 3.56 | 107 428 446 25.0 
SEGONC sc te, ae oss oeeee 287 164,000 | 2.62 68 393 417 i Wy es 
LOWS eas eee 220 132,000 | 1.70 35 359 363 | 10.0 


B, New Fan under Actual Operating Conditions, June 17, 1928 


Pull Sc sewkecr tes S 268 | 297,500 


3.6 | 169 438 | 679 38.5 
PacOnd i eceenc ost aes 233 | 255,300 | 2.6 105 326 783 32.0 
LOW Soe ee oan ee 176 | 182,500| 1.6 46 195 936 | 23.4 


C, New Fan Operating under Specification Conditions 


LON DS oe Oey Ceratice OE 274 
ECON, -ocuc sae eee 237 


255,000 
222,000 


5.33 
3.74 


214 433 
131 342 


649 38 


589 | 56 


The No. 3 Siroccos are old fans; they are direct. connected to a 714-hp. 
motor, and in average mine service they will develop a maximum pressure 
of 3in. While they are still being used, their service is confined to work 
requiring less than 400 ft. of 16-in. pipe. 

A No. 4 Sirocco is giving good service on a 16 in. line 700 ft. long. 
Under this condition it delivers 3500 cu. ft. of air at 4.5 in. pressure. 

The disadvantages of the units mentioned lie in their size and weight, 
as well as the low pressure they develop. The No. 3 can ordinarily be 
transported as a unit, although four men are required to handle it. The 
No. 4 weighs 1150 Ib., and must be sectionalized for transportation. 

When it became necessary to purchase more fans, it was decided to 
find a fan which did not have the disadvantages mentioned above. Thus, 


f - “ Motor, ume, | Pres- | piameter 
Make | No. Type Size one R.p.m. Cu, Fe. cae stuck 
Min, 
Sturtevant....| 1 | Straight} 10 | 25 865 | 8,600} 4.6 |16-in. pipe} 450 
blade { 
“Sturtevant | 1 |Straight| 10 | 40 850 | 3,200; 8.0 | 16-in. pipe} 1500 
(suction).... blade 
p> American : 
Blower...... 1 | Sirocco 4 | 10 1150 | See Fig. 5 
American 
Blower...... 4 | Sirocco 3 7% 860 | See Fig. 5 
Coppus.: ss. 6 4 |Ventair |TM-6) 5 3500 | See Fig. 5 
; Air Blowers, ; 
Compressed: . 
Coppus.....| 1 | Vano SP350 4000 
; Coppus.....| 12 | Vano SP250 4500 
3 6 | Injector* /12 in. 
* Made in United Verde shops. 
gy Comparison of Rotating and Injector Types of Blowers* 
: Compressed Welume 
Type Nosde Ties ae i Ale be aig ae aio Cost 
ET ee eee 4 50 2700 $261.00 
ve 44 2100 
MES LOT Er, fete oleynie aie he rie'a's «6 6 yy 54 2700 8.30 
36 100 3200 


Fig. 6.—AN AUXILIARY FAN INSTALLATION (VENTAIR TM-6) ON THE 2850-FT, LEVEL 
oF UNITED VERDE MINE. 


* Tests made with compressed air at 90 pounds. 
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the Ventair TM-6 was chosen and three of these units have now been in 
constant use for 4 months (Fig. 6). Thus far the results have been 
satisfactory. These fans weigh about 450 lb. They are small enough so 
that they can be handled on any mine truck or small cage without 


being dismantled. Since they are of the backward curve blade type, 


their characteristics are such that the volume of air delivered is main- 
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Fic. 8.—UNitTED VERDE VENTILATION DOOR (IMPROVED TYPE). 


tained through much greater lengths of pipe or tubing than is possible 
with the other types of small fans. They are direct-connected to a 
Louis Allis, 5-hp., 230-volt, D.C., 3500 r.p.m., semienclosed, shunt-wound 
motor, and are rated to deliver 3000 cu. ft. of air per min. against a 
resistance of 6 inches. 


A Coppus Vano a es SP-3. ), is part of our 


and is held in reserve for that purpose. oy ieee 
Twelve Vano blowers, SP-250, are used where a setuh for only a short 
period of time is desired. They are easy to install, and require onlya 


common air connection. While they are primarily a low-pressure blower, 
they nevertheless deliver 2700 cu. ft. of air through 200 ft. of 12 in. 
flexible tubing. These blowers are now, however, being gradually 
replaced by an injector type blower, which has been successfully used in 
the United Verde mine for a period of ayear. These blowers contain no 
rotating parts and have consequently no maintenance expense connected 
with their operation. It is an ideal line booster and is successfully used in 


ventilating drifts and raises up to 300 ft. in length. 


Fria. 9.—AN IRON DOOR ADJUSTABLE SCREW TYPE REGULATOR FOR VENTILATION 


CURRENTS. 


VENTILATION ACCESSORIES 


The mine doors are of two types, namely, the ventilation door, which 
is of wood construction, and the iron fire door, which is used for fire 
control purposes. The latter is installed only where a door of non- 
combustible material is considered necessary. Twenty of these doors are 
in use. Most of them are located in the approaches of worked-out 
timbered stopes, so that these areas can be effectively shut off from the 
rest of the mine. These doors are always hung to open inward so that 
in case a concrete seal becomes necessary, the door can be used as the 
inside form for the concrete. All iron doors are hung in a concrete frame. 
The latches are connected to levers on both sides of the doors so that they 
can be opened from either side. 

The control of the air in its flow through the mine depends largely on 
the use of doors. These prevent the air from following the path of least 
resistance. An absolutely tight door is impracticable but, on the other 
hand, leakage through doors can be held to a minimum by, first, the 
proper design and installation, and second, by proper upkeep after instal- 
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ig from a wooden frame set in concrete and.are all 
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“equipped with datehes and counterweights to keep them closed. Where 


only small volumes of air are desired, necessitating constricted drift 


. 


openings, doors containing slide regulators are used (Fig. 9). 


Fig. 10.—Grip COVERS OVER MANWAY AND TIMBER SLIDE. 


Manways into stopes were formerly covered with a hinged wooden 
cover as a safety measure to prevent the falling of material. This 
practice has been changed, however, and now a standard size hinged iron 
grid cover is used. It offers but little resistance to the flow of air and 
gives good protection. Covers over raises coming through from a stope 
below have already been mentioned and are shown in Figs. 10 and 11. 


Fig. 11.—RaisE COVER OF EXPANDED METAL}; THIS AND GRID TYPE OF COVER (Fic. 10) 
OFFER BUT LITTLE RESISTANCE TO FLOW OF AIR. 


The fan pipe is of two sizes. The 16 in. pipe is made from 14 gage 
galvanized ingot iron, and the 11 in. from 16-gage galvanized ingot iron. 
Both sizes are made in our own shops at a cost of $6.80 and $5.60, 
respectively, per 8-ft. length. 

Flexible tubing has been used but little in the past, although its 
field of application is being extended and it is now in use wherever condi- 
tions permit. Comparative cost figures are not available, but it is safe 


pipe, having slots cut every 6 in. The pipe is fastened horizontally 


OL 


to say that, for general nent the metal ‘pit pe gives much | 
Installation and transportation costs are in favor of the flexible 
Unless the tubing is thoroughly protected from blasting and othe 
properly cared for, its life is short. : 
Water sprays are used to combat dust, particularly at the loading ae ‘ 
in the Hopewell adit, and at the transfer points and loading chutes of 
waste raises. The sprays are a combination of compressed air and water, _ 
the air tending to break up the water into a very fine spray which throws 
the dust downward into the cars and, due to the moisture absorbed, it 
drops out of suspension of its own weight. The spray consists of a 1-in. 


above the chute with the slots facing downward. This arrangement 
makes a very effective spray and when properly made uses a minimum 
of compressed air and water. 


PERSONNEL = 


A ventilation engineer is employed. His duty is to see that the mine 
is at all times properly ventilated, to see that the air courses are main- 
tained, and to keep all equipment in good repair. In addition, the 
operating department must be kept informed in a general way of any 
changes that may be made so that foremen and shift bosses have a good 
knowledge of the air currents on their particular beat. It is further 
necessary that the mine fire foreman have a thorough knowledge of the 
mine and the air currents. He, too, is kept informed as to changes 
which are made from time to time. 

The construction work, such as doors and bulkheads, the installation 
of small fan units, pipe and tubing, etc., is done by timbermen who 
work under the direction of the ventilation department. 


Mars anp REcorpDs 


A set of up-to-date mine maps is kept in the ventilation office. These 
are 30-scale tracings and show all the necessary ventilation data. Infor- 
mation which is subject to change is marked on the maps in pencil and 
dated. In addition to this a detailed record of working places is kept on 
file in a large loose-leaf notebook. This gives the data, working place, 
psychrometric readings, percentage relative. humidity, the amount of 
air passing, number of men, type of rock, method of mining, the condition 
of the air entering the stope, and a column for remarks. 


INSTRUMENTS AND EQUIPMENT 


Equipment consists of a 4 in. anemometer, a sling psychrometer, a 
small portable water gage, a complete Pitot tube outfit, a recording 


pressure gage at the fan, and thermometers at important points through- 
out the mine. 


1928. 


Cost oF VENTILATION 
Table 6 shows ventilation costs from 1923 to the end of September, 


These figures may appear high, but they include all work chargeable 
to ventilation. Some of the special items include the downward exten- 
sion of the air shaft from the 1950 to the 2400-ft. level, and 1100 ft. of 


return air raises, the fresh air intake shaft, which is 980 ft. deep and 
18 by 18 ft. in the clear, the new fan installation and many improvements 


in the return air course. . 
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TaBLE 6.—Ventilation Costs, 1923-1928 


Year ‘ Total Costs Cost er Ton 
9995 22 Sohne pe ern eee owe eos $ 47,785.06 $0 .060 
OD AIT SANIT Mtos, Sein creer eee ee RR ee, 90,145.46 0.085 
O25 Pee ee eee. eh IROL IG: yeeros 102,834 .93 0.107 
SFA) eS SRS. GO Rie beeen iy a an a 137,517 .17 0.173 
TSA A a ie ea el ne ne apy iy SRA 115,019.73 0.160 
POZSu(HIStrO MNOMUNS) «tee ort te coe wee noc 73,153 .55 0.126 
zs RESULTS 


In conducting the ventilation work of the United Verde mine, the aim 
of the entire organization has been to improve the air conditions at the 
working face. Since the conditions which require improvement are 
principally heat, high humidity and occasionally a lowered oxygen content 
of the air, the remedy is greater air circulation. A comparative study 
of the air conditions in the stopes over a period of time should show the 


~ results of the ventilation work. 


Kata readings would no doubt interpret fairly accurately the atmos- 
pheric conditions in a working place. The instrument is, however, 
quite delicate and the fact that hot water must be carried along when 
taking such readings has been against its use. Psychrometric readings 
and percentage relative humidity derived therefrom, together with 
anemometer readings are relied upon as a means of measuring improve- 
ments. The disappearance of fungus growths, the fact that men no 
longer must wait on the station for the smoke to clear out, and a decrease 
in the number of gas accident cases are all good indications of improve- 
ment and increased efficiency. 

Table 2 gives the average temperature and relative humidity of 
certain stopes on various levels of the mine as they existed in the fall 
of 1925. Unfortunately, records are not available for all the stopes. 
The temperatures can not be considered high with 81° F. as the maximum 
and 75° F. as the minimum. The humidities, however, are somewhat 
different; only 14 per cent. are below 85 per cent. relative humidity, 


atl should have ce bela, fen (oo oraren pie them. 
gives the average temperatures and percentage relative humidity f. 
practically all the active stopes by levels in the entire mine, as taken — 
Oct. 15 to 18, 1928. Of the 44 stopes represented only three, or 9 per 
cent., are 81° F. or over, the maximum being 82° F. Thirty-four stopes, . 
or 77 per cent., are less than 75° F. In the relative humidity column, — 
we find 22 none or 50 per cent. are below 85 per cent. in relative humid- 
ity, and only eight stopes, or 9 per cent. are over 90 per cent. in relative 
humidity. Fourteen stopes, or 32 per cent., are below 70 per cent. in 
relative humidity. These changes of reduced temperatures and relative 
humidities have been brought about by a greater circulation of air. 
The combined effect of these three factors is considered the standard by 
which the results obtained from ventilation work can be considered. 


TaBLE 7.—Stope Temperatures and Relative Humidities 
[Readings taken Oct. 14 to 17, inclusive, 1927 and 1928] 


Temperatures, Deg. F. Relative Humidity, Per Cent. 
Level and Stope 
1927 1928 | Net Change 1927 1928 Net Change 

300 16-C 69 65 —4 °° 100 89.5 —10.5 

400 16-C 69 63 —6 100 89.3 —10.7 

500 15-E 67 64 —3 94.7 69.6 —25.1 

600 16-F 84 65 —19 91.4 69.0 —22.4 

1200 16-L 72 65 —7 64.8 69.0 +4.2 

1650 Top Slice 74 65 —9 81.8 69.0 —12.8 

1800 11-Q 73 68 —5 90.1 85.4 —4.7 

2100 16-8 82 76 —6 96.0 86.6 —9.4 

2250 7-O Th 68 -9 95.7 85.4 —10.3 

9-R 74 73 —1 90.4 95.3 +5.1 

11-T 77 73 —4 90.7 65.2 —25.5 
12-T 78 75 —3 90.8 54.0 —36.8 . 
2400 12-U 77 73 —4 78.4 46.8 —31.6 : 
14-U ties 76 —l 78.4 44.2 —34.2 : 


New fan put into operation Oct. 23, 1927. 
Return air course opened to 2100-ft. level May 2, 1928. 
Upper level ventilation started (500-ft. level fan) May 8, 1928. 


Table 7 shows some important changes. One group of readings in 
the 1927 columns was taken Oct. 14 to 17 of that year, which was a 
few days prior to the date on which the new fan was cut in (Oct. 23, 
1927). The other series of readings was taken one year later, or nine 
the new fan had been in operation for about one year. The return air 


—_— 


. course was opened in May of that year and the air splits were also 
_ arranged at about the same time. The results obtained from these 
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_ changes in the ventilation system speak for themselves, and need not 


be enlarged upon. They alone, without any other benefits, justify the 
expenditure which was necessary for 600 ft. of raising for the downward 


‘extension of the return airway to the 2100-ft. level and the installation 


of the new fan. 


Table 8 gives some indication of what better ventilation can do to 


help the mine safety record. The first line indicates the gas cases which 


involved the loss of one shift or more; the second line indicates those 


_ cases which necessitated laying off for the remainder of the shift only, 


being so slight that the men were able to return to work the following day. 


TaBLe 8—Gas Cases, 1924-1928 


Cases | 1924 | 1925 1926 1927 1928 
WOst. tune, ..:.. eee eee cree 6 15 Wi 5 
| 50 a Gl ha eam CARs fat so ome 8 6 8 3 6 
ALG tala = :, 15h eee res. chai | 14 | Adil 15 8 6 


* Includes two fatalities. 


VENTILATION AND MINE Firzs © 


At the United Verde, ventilation work is not only carried on for the 
general improvement of working conditions, but also with a view to 
limiting the possible hazards of mine fires. I have previously made the 
statement, and believe that it bears repeating, ‘‘When a fire occurs, 
it is the ventilation system that will save or destroy life, depending on 
how good the system is, how thoroughly it is understood, and how well 
emergency problems have been worked out in advance.”’ 

A mine fire foreman is in charge of all mine fire work as well as the pre- 
vention and fighting of mine fires. (Fig. 12.) This work and that of 
ventilation are inseparable in many respects. 

Horizontal fire breaks have been established on the 1950, 1650 and 
1200-ft. levels. ‘These consist of level pillars left in place in the course 
of mining, and fireproof coverings over raises coming through the level 
pillars. A reinforced concrete collar is placed in each of these raises, and 
an iron trapdoor, hinged to the concrete collar, is used as the cover. 
The trap doors are kept open or closed, depending on ventilation require- 
ments. Thus, on the 1950-ft. level, they are kept closed, which makes 
possible the elimination of air on the 2100-ft. level. In case of a fire 
below the 1950-ft. level, the fire would be prevented from moving upwards 
past the level by the fire break at that horizon. All doors in raises being 
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closed, the smoke would be diverte (0 the 


As shown in Fig. 13, the air shaft is so situated that as one as some 
fan pressure is maintained, it is practically impossible for smoke from 
a fire to reach shaft 6, through which the men are hoisted. To keep the 
fan running during a ane would mean a forced draft for the flames, and 
to overcome this difficulty certain doors in the mine (one in the main 
drift of each level) are painted red and designated as “fire doors” (Fig. 


Fig. 12.—MOUNTED FIRE-FIGHTING EQUIPMENT; FIRE TOOL TRUCK, OXYGEN PUMP 
AND TANK TRUCK AND A No. SP350 coppus VANO BLOWER. 


14). On these doors is stenciled in large letters, in both English and 
Spanish, ‘‘In case of fire close this door after all men have passed through 
to No. 6 shaft station.”” The shift boss is expected to check the men 
out and close the door. When these instructions are followed, the 
entire ore zone or stoping area will be cut off from fresh air immediately 
after all men have passed on their way to the shaft. 

The fire signal is nine flashes of the light circuit given three times 
and followed by the level signal to indicate the location of the fire. When 
this signal is flashed through the mine, the fan speed is reduced to slow 
speed, and a door near the fan station is opened. This establishes a 
fresh air split direct from the fan to shaft 6, precluding any possibility 
of smoke filling the main exit. In the meantime, the men are leaving 
their working places and closing the fire door behind them. There will 
then be no forced draft to feed the flames. The shaft and a part of the 
main drift on each level will be in fresh air. Shaft 6, which is the main 
exit, will be on an independent fresh air split direct from the fan and 
will be supplied with 80,000 cu. ft. of fresh air per minute. 

Reconnaissance of the district on fire and the actual fire fighting 
should be much easier under the conditions outlined because a fresh air 
base can be established immediately on any level and within a short 
distance of the fire. 


thus permitting operations to continue ies the 1950-ft. fave fire 
break. The fire breaks on the 1650 and 1200-ft. levels function ina — 
_ similar manner. 
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Fig. 13.—P.uAn oF 2100-FrT. LEVEL SHOWING VENTILATION SYSTEM. 


No condition is known at this time that might arise under which the 
fan would have to be reversed. However, to safeguard ‘against the 
unknown, the fan is reversed once every two months to see that all parts 


are in proper working order. A report is made in writing of this test 


to the general mine superintendent, the mine superintendent, and the 
chief engineer. 
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Dead ends of drifts in the far ends of the levels are used as y 
chambers. A door is installed in such a drift as far from ate face as 
conditions permit, so as to give as large a space inside as possible. ig. “ 
15.) ‘These chambers are supplied with electric lights, compressed air 2 
and water lines. A sign on each safety chamber door states that the 


Fig. 14.—A ‘‘rrre Door.” 


Door is painted bright red and is closed in case of fire, after all men have gone to 
shaft station. 


door should be closed and the air turned on in case of emergency use. 
Thirty-five safety chambers have been equipped, each level having two 
or more. 


Dua Power SuPPLy 


The main electric feed lines for the two hoists and the fan pass through 
the 500-ft. adit. To safeguard against the possibility of having the 
power cut off indefinitely because of a fire or some other trouble in the 
500-ft. adit, a second power line will be installed through the Hopewell 
adit on the 1000-ft. level. 
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The toed is iidebted to W. V. DeCamp, general superintendent 
and to W. W. Lynch, mine superintendent of the United Verde Copper 
~ Co., also to D. Harrington, chief engineer of the Safety Division of the 


Nat 


Fig. 15.—OvrTsIDE VIEW OF A ‘GAS CHAMBER”’ DOOR. 
Note notched compressed air pipe around door frame 


U. 8S. Bureau of Mines, for their kind assistance and helpful criticism in 
the preparation of this paper; also to C. E. Mills, chief engineer of the 
United Verde Copper Co., for the use of valuable data and drawings. 


DISCUSSION 


D. Harrineton, Washington, D. C. (written discussion).—This paper describes 
so many unusual and generally excellent practices in connection with ventilating a 
metal mine that the various briefly outlined activities might well be extended to cover 
a rather voluminous book. At any rate, it seems that it would be decidedly desirable 
to have detailed papers on the following phases of ventilation or fire-prevention prac- 
tice touched upon in this paper: 

1. The construction and operation of the injector-type blower mentioned on 
page 132. 

2. The construction, placement and operation of the 400 or more doors in the 
United Verde mine. 


3. che eyutem if eplita in tan VRIES ckend Yori .bnormal 
practice in conneetion with metal mines, though com cones aaa 
coal mining). 


4. ‘The method of providing horizontal fire breaks in the United Verde mine (also 3 


abnormal for any kind of mine, coal or metal). 4 
5. The establishment and maintenance of underground safety chambers to the 
number of 35 or more (an snore 
benefit in this mine). ; 

6. The blasting practice, which is well wordsleiNeMananed paper, involving as it 
does the absolute necessity for preventing noxious blasting fumes from pave breathed 
by workers.- 

A reading of the paper convinees one immediately of the definite desire of the 
United Verde Copper Co. to avoid any possibility of having the air of the main intake 
air course of the mine vitiated by possible fire fumes; this can be noted on practically 
every page of the paper by Mr. Glaeser. There is also to be noted a very definite 
desire on the part of the company to safeguard the employees from fire or other fumes 
at all times and in all parts of the mine. 

To those who are interested in the ventilation of metal mines, one of the novel 
features brought out by this paper is the excellent system of air splitting and the 
continued effort on the part of the company to provide separate sections of the mine 
with their own air flow and to keep that air from flowing through other sections of the 
mine after it has ventilated the one section to which it was originally diverted. This 
practice is found in few if any other metal mines in the United States. 

For the protection of the employees of the mine at or after a possible mine fire, the 
main hoisting shafts are so surrounded by doors, ventilation currents, etc., that it is 
next to impossible to have these important adjuncts of the mine at any time filled with 
smoke and hence nonaceessible to those who wish to leave the mine. The use of 
doors so placed that any shaft may be separated from the mine, from other shafts, 
or from almost any part of the mine is an excellent practice, which should be employed 
in all mines, coal or metal; however, it is rarely found im either. The fact that the 
mine has placed more than 400 doors indicates that the company realizes the extreme 
desirability of being able to isolate sections of the mine as well as definite splits in 
ease of fire. Moreover, this multiplicity of doors is of use not only at time of fire 
but also in the coursing of air at ordinary periods; one of the interesting features of 
the report is the description of the practice of preventing any air except the main 
intake air from going downward. In other words, after the fresh air is released from 
the intake shaft, the air is from that time foreed to proceed upward in all parts of the 
mine, and at no time or place in the mine is air allowed to go down after it has once 
started on its way from the main intake shaft. Such control is of vital importance 
at time of fire and is of scarcely less importance at time of blasting in a mine which 
has dangerous gases such as are found in the United Verde; at blasting time these 
gases are SO., H:S, and CO. 

Another exceptional feature brought out in the paper is that of providing definite 
return air courses for a metal mine; also the excellent practice of removing timber from 
raises, or stripping them, is one that could very well be followed by a considerable 
number of metal mines in order to increase the opportunity for the escape of return 
air. The paper also brings out the fact that the distribution of the large quantity of 
intake air to the various working faces is by no means neglected, and that although 
the mine uses several decidedly different kinds of methods for underground extraction 
of ore, provision is made in all working places for circulation of air; in this mine the 
driving of raises is kept well ahead of stope work in order that the stopes can be kept 


well ventilated. The mine also uses overeasts, another innovation rarely met in 
a metal mine. 


_ to conceive of any reason why it would be necessary to reverse the direction of the air 


least in set cena In the United Verde mine, enttiae! 7 
titates over 40 per cent. of the material mined. The paper _ . 


rings out the fact that while the ventilation system is such that it is almost impossible 


_ flow, nevertheless provision has been made so that the air flow can be reversed if 


necessary; moreover, this feature is at times tried out to make certain the air flow 


can be reversed without undue delay if desired. 
The keeping of an attendant at the fan at all times is an extraordinary precaution 


seldom found even at coal mines, and almost never at metal mines. The placing of 


not only one, but several employees on full-time work in connection with ventilation 


__ is another oddity which is rarely found in either coal or metal mines. The costs in 
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' connection with ventilation, as shown on page 135, indicate that this metal mine is 


expending not only more attention and time, but also money, in the establishment and 
maintenance of good ventilation that can be found in almost any coal mine in the 
United States. : 

The tabulation on page 117 showing the temperature and humidity of intake air and, 
giving the temperature of the air at the surface as well as at various points along the 
intake airshaft from the surface to the 2400-ft. level, proves beyond a doubt the 
fallacy of the theory that underground air temperatures are determined wholly or 
even largely by adiabatic compression. Here the data for Aug. 20, 1928, when the 
surface air temperature was 92°, shows that instead of there being an increase in 
temperature as the air proceeded to a point 2400 ft. vertically down into this mine 


_ there was an actual decrease of 10°, from 92° F. to 82° F. There is absolutely no 


question that underground air temperatures are determined by rock or water tem- 
perature largely if not almost wholly, and that while adiabatic compression undoubt- 
edly enters into the matter to some extent, it does not by a means determine the 
temperatures of underground workings. 

The utilization of the air coursing to aid in the eae of decay of timber, as 
outlined in a few words on page 119, is of decided importance. There is no question 
that the United Verde Copper Co. has been able to save a considerable amount of its 
ventilation expenditure by the greatly decreased amount of timber decay which it 
has been able to effect by manipulation of theair. The atmospheric standards, as indi- 
cated on pages 115 and 123, are interesting and rather drastic, yet it is entirely probable 
that the maintenance of these standards will pay well in the long run not only in health 
and safety but also in dollars and cents. In a mine where as many precautionary 
measures are in effect as at the United Verde the use of closed lights would be expected, 
or to put it differently, the elimination of open lights, and there is no reason to doubt 
that sooner or later closed lights will be adopted. Moreover, it seems definitely 
advisable that ventilation, fire prevention, and fire protection work, as well as safety 
in general, should all be under the direct supervision of some one person; this, too, 
undoubtedly will be arrived at sooner or later. 7 

In general, this rather short pamphlet discusses so many excellent practices that 
it is unfortunate that it could not have been expanded to several times its present 
size in order to give more of the details than were possible in a short paper. 
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Mine Development and Underground Construction of Andes “4 


Copper Mining Co. at Potrerillos, Chile 


Br LL. GRENINGER,* PoTRERILLOS, CHILE 
(New York Meeting, February, 1929) 


Tue property of the Andes Copper Mining Co. is in the central part 
of the Republic of Chile, Province of Atacama, 147 km. (91.5 miles) 
eastward by rail from the port of Chafiaral. At this point the Andean 
system is made up of two principal ranges. The mine is on the westerly 
slope of the outer, or western, range, at a mean elevation of 3250 m. 
(10,500 ft.). 

A meter-gage railroad extends from the company’s port at Barquito, 
near Chafiaral, to the reduction plant at Potrerillos. This road has a 
total length of 151 km. (94.0 miles), of which 93 km. (57.79 miles) are 
owned by the Andes Copper Mining Co. The remainder of the road is 
owned by the state. The company operates its trains over the 
portion of the road owned by the state, under an agreement with the 
Chilean Government. 

The mine is connected with the reduction plant by a meter-gage 
railroad, 10 km. (6.214 miles) long, which extends from the coarse- 
ore bins at the metallurgical plant to the underground storage bins 
at the mine. Tunnels make up 60 per cent. of the total length of 
this railroad. 

As is characteristic of the Andean region in Chile, the topography of 
the locality is extremely rough, and a number of points near the mine have 
elevations of from 15,000 to 16,000 feet. 


History oF Porrerintos MINE 


The ore occurrence has been known for many years, and many of the 
claims under individual ownership were worked in a small way before 
the property was acquired by the present owner—the Andes Copper 
Mining Company. 

The highest grade oxide ores near the surface were mined by primitive 
methods and, after sorting, the product, assaying around 15 per cent. 
copper, was hauled by mule carts a distance of about 80 km. (49.71 miles) 


*Mine Superintendent, Andes Copper Mining Co. 
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Bs of Onin ie us and thence to Europe by water. 


. _ The early history of the Potrerillos mine, as disclosed by public records ; 
of the district, is as follows: 


the State made ee shipped to the Port 


In the year 1894 Don Felipe Tapia denounced two mining claims in 


what is now the Potrerillos district, which he called the ‘San Antonio” _ 


and the ‘“Quebradita.”’ This appears to be the earliest official record 
covering any part of the property now owned by the Andes Copper 


_ Mining Co. In 1896 Don Eduardo Tellez entered the district as owner 


of a number of claims. In the same year Tellez, together with Eche- 


_ verria Cazote, Echeverria Larrain and others, organized a company 


known as the Compafiia Minera de Potrerillos. This company acquired 
at the time practically all the claims recorded in the district to that date. 


 -In 1913 William Braden acquired title to all the mining claims of the 


Compafiia Minera de Potrerillos and denounced many additional claims. 
In 1916 Mr. Braden sold his entire interest to the Andes Copper Mining 
Co. At present the company owns 294 metal-mining claims containing 
a total of 1430 ha. (8532 acres). These are recorded as being in the 
“Agua Dulce” mining district. 


GEOLOGY OF THE ORE DEPOSIT 


The ore is found in an intrusion of porphyry, generally classified as 
quartz-diorite porphyry. This has been forced upward through thinly 
bedded sedimentaries, and the sedimentary strata have been broken and 
tilted as a result of the upward movement of the porphyry. 

The surface area of the intrusion measures about 2 km. from north to 
south and has a maximum width of 1 km. (0.6214 mile). Generally, the 
width is greatest near the northerly limit, and the intrusion, having a 
rough wedge shape, tapers to a point at the extreme southerly end. 

All of the porphyry contains some copper, but a considerable portion 
of the intrusion is of too low a tenor to be considered as ore. 

The porphyry intrusion has left the sedimentaries—quartzite, lime- 
stone and sandstone—tilted at an angle of from 50° to 60° from the hori- 
zontal, and the orebodies within the intrusion generally have the same 
dip as the sedimentaries. 

Fig. 1 shows the general shape of the intrusion and the outline of 
known ore. The copper is found in the form of malachite, azurite, chalco- 
cite and chalcopyrite, with many other of the less common copper 
minerals in evidence. Of the total tonnage developed, about 35 per cent. 
is in the form of oxides and 65 per cent. in the sulfide form. 

Fortunately, there is a very small tonnage of mixed ore, the change 
from oxide to sulfide being sharp. At most points there is a thin blanket 
of leached porphyry between the oxide and sulfide ores, and the upper 
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portions of the sulfide measures show the effect of this leaching through | 
secondary enrichment in sulfide mineral. The zone of secondary enrich- — 
ment is generally not more than 20 m. thick. 
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Fig. 1.—GBOLOGICAL PLAN SHOWING OUTCROP OF PORPHYRY INTRUSION AND OUTLINE 
OF KNOWN ORE. 


EXPLORATION 


When the present owners became interested in the property, a cam- 
paign of churn drilling was inaugurated and was continued for a number 
of years; 168 holes were put down. These holes varied in depth from 
about 50 m. (164 ft.) to 388 m. (1273 ft.)—the greatest depth attained 
in any hole. The ground is soft and well suited to exploration by this 


F methéd. except fevaving of the holes was common, thus making neces- 


— sary frequent changes in size of casing and reducing possible depth 


= Ese holes. The total length of holes drilled amounted to 28.80 km. 
(17.90 miles). 
Prior to the year 1918, exploratory openings in the form of drifts and 


raises were driven to a total of 11,216.61 m. (36,790.48 ft.). This work, 


_ together with the churn drilling, served to prove the general location and 


form of the ore measures, and a plan of general development was decided 
upon early in the year 1917. 


GENERAL MINING PLAN 


According to the plan adopted, an adit was to be driven under the 
then known ore. Driving of the adit was started in May, 1917, and the 
tunnel was completed to location of first ore bin in 1920. The general 
layout was to consist of: 

Main adit, at elevation of 2974 m. (9754 ft.), 2.17 miles long? 

Storage bins, from which ore could be loaded into cars for delivery to 
reduction plant; 

Intermediate haulage level—elevation 3184 m. (10,443 ft.); 

Ore passes connecting ore bins with intermediate haulage level; 

Mining of sulfide and oxide ore above intermediate haulage level; 

Driving of a second level at a point to be later determined, in order to 
serve for mining of sulfide ore below intermediate haulage level. 

This general plan has been adhered to, with such additions and 
changes as have seemed advisable from time to time. 

The undercut caving system (sometimes called ‘‘block caving”) was 
adopted both for mining ore and removal of waste. This system was 
first used in the United States in connection with non-ferrous metal 
mining at the property of the Ohio Copper Co. in Utah and later was 


_ adopted by the Inspiration Consolidated Copper Co., at Inspiration, 


Ariz. It has since been used, with certain modifications, by the Nevada 
Consolidated at the Ruth mine, the Miami Copper Co., and others. 
Credit for pioneer work in connection with this system is largely due to 
Felix MacDonald, who is now, and has been for many years, mine 
superintendent for the Inspiration Consolidated Copper Co. at Inspiration. 

- Exploration by churn drilling showed that at some points the oxide 
ore reached the surface; at other points there was barren capping. It 
was determined that on some portions of the orebody the capping was 
comparatively shallow and could be profitably removed, while in other 
localities the overburden was too thick to permit of its removal. Gen- 
erally the northerly part of the orebody has little or no capping, while 
the southern sulfide orebody is covered to a vertical depth ranging from 


100 to 200 m. ae 656 f e a | | 
- mining be started first on the nls 2 and it was there 


begin work at the south end of the orebody, as mining could be started 
there without waiting for removal of waste or oxide ore. Asa matter of 
fact, there were several million tons of oxide ore in this locality which, while | 
not directly overlying the sulfide ore to be mined first, was within the 
surface outline of the cave that would result as mining operations pro- 
gressed. It was found that this oxide ore could be mined and stored for 


future recovery, in time to be out of the way before the cave resulting 


from the mining of sulfide ore endangered it. 


REMOVAL AND STORAGE OF ORE FROM SOUTH OXIDE OREBODY 


Preparation for mining and storage of the oxide ore was started in 
April, 1925. Actual removal of ore was first accomplished in April, 
1926, and to date 3,000,000 tons have been removed and stored at a 
point where it can be readily reclaimed when needed. An additional 
2,000,000 to 2,500,000 tons remains to be taken off from the region 
which will be endangered by caving of sulfide ore at a lower elevation. 

In mining this oxide ore, the regular caving method is used, except 
that no control is practiced, as no capping exists over the ore. No 
timbering of any kind was put in the branch raises, and ore was drawn 
from any raise that happened to be open. In this work, haulage or load- 
ing drifts were driven at intervals of 30 m. (98.40 ft.). Grizzly drifts 
were spaced at 15 m. (49.20 ft.) and were 12 m. (89.36 ft.) above the 
haulage level. Undercutting drifts were driven on 7.5-m. (24.60 ft.) 
centers, and 10 m. (32.80 ft.) above grizzly level. Two branch raises 
connected with each grizzly and these raises in turn had four branches 
each, connected with the undercutting level. Grizzlies were spaced 11.50 
m. (37. 72 ft.) center to center. 


Fig. 2 is a representative section through the South Oxide Gases. j 


showing the outline of the deposit and arrangement of openings driven 
for handling the ore. Haulage drifts, in section, are 8 ft. high by 8 ft. 
6 in. wide. Chutes are equipped with hand-operated are gates. Cars 
are of the rocker dump type and have a capacity of 2.25 cu. m. (79.44 
cu. ft.). They are equipped with roller bearings and are handled by 10- 
ton trolley-type locomotives taking current at 250 volts. Trains are 
made up of 24 to 32 cars each. 


In connection with disposal of this ore on surface, great care had to 


be used in handling and moving the dump track. The vertical height 
of the dump is now about 60 m. (196 ft.) and heavy slides have happened 
at times, which have carried away portions of the track. In order to 
guard against this danger, the track is anchored by means of cables which 
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above for handling oxide ore. 
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Waste capping is also being removed at a number of points over the 
north orebody where the mining practice is exactly like that described 
Openings are of the same dimensions and 
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Fig. 2.—REPRESENTATIVE TRANSVERSE SECTION, SOUTH OXIDE OREBODY, SHOWING HAULAGE DRIFTS, MAIN 


is made to conform as closely as oot rn iis top or ore. t a fa 

A deposit of alluvial gravel was encountered, filling a deep canyon 
which traverses the central part of the orebody. It was impossible to 
~ handle this material by the usual caving methods and our system was ~ 
therefore modified to suit the material involved. From a haulage drift 


driven below this alluvial deposit a number of raises were driven through / 


the ore. Some of these raises were extended to the surface and were 
enlarged by using the ‘‘mill-hole” system, until the material around each 
raise had assumed the angle of repose. We then used a Bagley grader. 
This device was handled by means of a double-drum hoist having a rope 
_ pull of 20,000 lb. The gravel, which was lightly cemented, was loosened 
by blasting with black powder and was then scraped into the various 
raises with the Bagley grader. This system proved to be highly efficient 
and the gravel was transported to the raises and trammed to the dump 
at a total cost of about 2314 c. per short ton. 

The entire mine townsite, as it now exists, is built on ground made by 
the removal of waste. The old mine camp was built in a steep canyon 
and the character of the surrounding country did not admit of expansion, 
therefore it was decided to use the ground made by the disposal of waste 
for the new townsite, and all buildings constructed since 1925 have been 
built on this filled area. 


MINING OF SULFIDE ORE 


Preparation for mining ore in the south sulfide orebody was started in 
June, 1925. In December, 1926, ore production was started. Fig. 3 
represents a transverse section through the orebody where mining was 
initiated and also shows the workings on and above the intermediate 
haulage level. 

Fig. 4 is a plan of the intermediate haulage level showing spacing of 
drifts. Haulage drifts are driven at intervals of 33.33 m. (109.32 ft.) 
and are turned off from the gathering drifts at an angle of 42°. Main 
raises are located to conform to car lengths and are spaced at 6.25 (20.50 
ft.) and 9.87 m. (80.73 ft.). The grizzly drifts are spaced 16.66 m. 
(54.64 ft.) from center to center, and located 12 m. (39.36 ft.) above the 
haulage drifts. Branch raises are driven at intervals of 8.33 m. (27.32 
ft.) along the grizzly drifts, and the block served by each branch raise 
system measures 8.33 by 8.33 m. (27.32 by 27.32 ft.). Undercutting 
drifts are spaced 8.33 m. (27.32 ft.) center to center and 10 m. (32.8 ft.) 
above the grizzly level. The block first mined extended entirely across 
the orebody from west to east, a distance of 200 m. (656 ft.) and measured 
70 m. (229.60 ft.) from north to south. Experience has demonstrated 
that this block was somewhat larger than was advisable and new blocks 
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Fig, 3.— REPRESENTATIVE TRANSVERSE SECTION, SOUTH SULFIDE OREBODY, SHOWING 
HAULAGE DRIFTS, MAIN AND BRANCH RAISES, 


In each branch—or drawing-off—raise, there is constructed a control 
set having four chutes. Branches are driven upward from these chutes 
and connect with the undercutting level at fixed intervals. Fig. 5 is a 
plan and section of branch raise system showing the spacing of branch 
raises. Chute openings in control sets measure 3 by 38 ft. and have 
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Undercutting is accomplished by 
given undercutting drift where work is 0 be started, “The cros 


expense of supporting a large opening “i ie Aare icine a the — 
drift is practised. The crosscut is driven into the pillar a distance of 4.5 
m. (14.76 ft.) and from this cross-cut undercutting holes 3 to 4 m. long a 
(9.84 to 13.12 ft.) are drilled. Undercutting advances diagonally across: a 
the block and, in case of Block 1, was started at the westerly limit and 
carried across to the eastern side of block, where it was completed. _ 
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Fig. 4.—Part OF INTERMEDIATE HAULAGE LEVEL, SOUTH SULFIDE OREBODY. 


Because the orebody dips at an angle of about 50°, it is necessary 
that a large proportion of the grizzly and undercutting openings be driven 
in the footwall. As the formation here is a badly broken sedimentary, 
crushing and closing of grizzly drifts and branch raises have caused much 
trouble. In order to avoid this difficulty, recently the grizzly drifts have 
been lined with rubble masonry; the lining having an elliptical section. 
The major dimension of the ellipse is 7 ft. and the minor is 4.5 ft. Lime- 
stone quarried on the surface is used for this purpose; it is placed in 
cement mortar. We are also experimenting with reinforced concrete for 
supporting grizzly drifts. So far the system (using masonry or concrete) 
has proved highly satisfactory, and although it is expensive, it is less so 
than the continual repairing of timbers in the grizzly drifts. We have 
also found that if the grizzly drifts can be supported and prevented from 
crushing, very little trouble is caused by superimposed weight in branch 
raises and control sets. 
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Fra. 5. 
CUTTING LEVEL SHOWING TOP OF BRANCH RAISES. 
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Chute sets are spaced 3 ft. apart, and as 3-in. plank is used for building 


framing and cutting being done on the surface. 


Haulage drifts are Beh by 1 a ste poe fon 


sets are placed 5 ft. center to center, except where chutes are. poate 


chutes, the inside width of chute is 30in. All timbering is standardized, 


Where a connection is made between haulage drifts, 8 by 10-in. H- 4 
beam steel is used for caps, as the span is too long to permit the use of 
timber where the ground is heavy; and where the ground is exceptionally — 
heavy, 10 by 15-in. steel I-beams are used for caps. Practically all the 
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Fig. 6.—ARRANGEMENT OF TIMBERING OVER GRIZZLY, SHOWING SEGMENT SET AND 
CRIBBING. 


main or transfer raises must be timbered, as the ground is broken and 
unstable. In the raises, 6 by 12-in. cribbing is used; the section of raise 
is 3 ft. 6 in. by 8 ft. 6in. Cribbing is placed skin to skin and each set is 
protected with four pieces of angle steel, 3 by 3 by 3 in., nailed to the 
upper corner of the 6 by 12-in. timber. For fastening angle steel, a 3¢ by 
4-in. chisel-point spike is used. These nails are much better than the 
ordinary wire spike for this purpose, as they are annealed and have a 
countersunk head. 

It is also necessary that the branch raises above the grizzly level be 
closely timbered. The same system is used in these raises as for the 
transfer raises; that is, 6 by 12-in. timber cribbing placed skin to skin and 
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= aie with angle steel. A three-piece segment set is used over the ~ 


grizzly and the posts of the segment set are placed at the proper angle and 
used as bearers for the cribbing above the grizzly. Fig. 6 shows the 
arrangement of timbering over the grizzly. 

As mining progresses toward the south, the bottom of the orebody 
becomes progressively higher above the haulage level and transfer raises 
must be longer. These raises are being timbered with great care, as the 
loss of only a few sets would result in caving in and closing of the raise. 
Where branches take off from main or transfer raises serving more than 
one grizzly, the sets are protected by 8 by 8-in. H-beams to prevent cut- 
ting out of the timbers. As noted before, grizzly drifts are supported by 
masonry lining where there is any danger of crushing. Undercutting 
drifts are not usually timbered when driven. When undercutting is 
started and caving begins, it is sometimes necessary that timbers be 
placed in undercutting openings to support the ground until undercutting 
rounds have been drilled and blasted. 


OrE DRAWING | 


Drawing of ore is under the direction of the Geological Department. 
Typewritten orders are issued by the chief geologist, with the approval 
of the mine superintendent, covering ore drawing. At each grizzly 
two small blackboards are placed, one for each branch raise connecting 
with the grizzly. On these boards the tonnage to be drawn from each 
raise in a given week is posted; also the grade of ore in each branch. 
Grades are brought up to date at least twice each week. Ore drawn from 
branch raises is checked both on grizzly and haulage levels. A chute 
checker on the grizzly level observes and notes the raise and branch from 
which the drawing is taking place. Main raises are calibrated and suc- 
cessively filled and drawn off. An additional chute checker on the haul- 
age level notes the number of cars drawn from each main or transfer 
raise. The data, assembled by the two checkers, are later compared and 
checked in the office, and the tonnage drawn from various raises is posted 
daily on stope sheets. 

All bosses having to do with the drawing of ore carry with them a 
copy of the graphic chute charts on lefax size paper. Graphic chute 
charts are also maintained in mine foreman’s and chief geologist’s offices, 
and all the charts are brought up to date at least once a week. It is to 
be noted, however, that the work of drawing ore is a continual compromise 
between opposing requirements. It may happen that a chute is marked 
overdrawn by the geologist, but if the square set is taking weight it must 
be relieved in order to avoid excessive repairs. Therefore it becomes 
necessary to draw a limited amount daily, even from the chutes that may 


be overdrawn. 


calculated to onthtl m 858, 588 eee hee Pe ore. ene 


have extracted approximately 2,534, 600 tons having an average : ioe . 
value equal to 90.69 per cent. of calculated grade of ore in place. At 


present (April, 1928) this block is producing about 165,300 short tons — | ; 


of ore per month. 
| HAULAGE SYSTEM 


For haulage, a Granby-type car with capacity of 5.20 short tons is 
used. Trains consist of from 16 to 20 cars each. The Granby-type car 


was developed first by the Granby Mining & Smelting Co. at Grand ~ 


Forks, B. C., and has since been introduced in a number of metal mines 
in the United States; for example, the United Verde at Jerome, Ariz. and 
the Portland Mining Co. at Cripple Creek, Colo. Essentially, this is a 


- gide-dumping car which is dumped by means of a block that raises one 


side of the car as the train passes through the dumping station. Trains 
of 20 cars can be dumped in about 50 sec., as it is an automatic operation 
and trains pass through the dumping station at a rate of 114 to 2 miles 
per hour. This type of car has proved entirely satisfactory. Trains 
are drawn by 10-ton trolley-type locomotives using direct current at 250 
volts. Total length of the round trip from stope to dumping station 
averages 2 km. (1.24 miles). Using nine trains, we have handled up to 
13,224 short tons in a shift of 8 hours. 

The haulage system is so arranged that all principal tracks are used 
in one direction only, the empty trains returning by a separate route 
from that used by loaded trains going out. 


ORE-PASS SYSTEM 


Ore produced above the intermediate haulage level is delivered to a 
system of ore passes connecting with storage bins on the main adit level. 
There are three of these ore passes, with six additional passes under con- 
struction. ‘The ore passes now in use are 196 m. (642.88 ft.) long. Each 
of these openings delivers the ore to a cylindrical concrete ore bin, which 
has a capacity of 2200 short tons. Ore passes are driven at an angle of 
60° to 62° and are lined throughout with steel H-beams placed in the form 


of cribbing. The ore passes are 5 ft. 0 in. by 6 ft. 0 in. in section and are © 


widened to 20 ft. 0 in. at the top in order to conform to the requirements 
of the automatic dumping feature of the Granby-type cars. 

Figs. 7 and 8 show details of steel lining in the ore passes. Control 
gates are placed at the junction of the ore passes with the ore bins, and 
also at intervals of 49 m. (160.7 ft.) in each raise. The ore contains from 
3 to 4 per cent. moisture, and does not run well in the ore passes. If the 
opening is allowed to fill, the material packs tightly and it is difficult to 
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Fig. 7.—CoNTROL GATE AT TOP OF ORE BIN. 


the ore is dropped successively through the various control gates until it 
reaches the ore bin. The ground through which ore passes were driven 


refore the control gates are used, and after two — 
s amounting to about 200 tons have been dumped into an ore pass, 


e 
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i 
is badly broken and fracture T] 
support would cave at once. Lining of t turing» 
must be used in these raises. For that reason the steel | 
developed and to date has proved satisfactory. All control gates on the — 
ore passes are operated by 8 by 48-in. air cylinders having regular four- 
way valves. Communication drifts make connection with each ore pass 
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Fig. 8.—INCLINED TYPE OF CONTROL GATE USED AT SUBCOMMUNICATION DRIFTS. 


at intervals of 24.5 m. (80.36 ft.) and each of these drifts connects with a 
supply shaft driven on the same incline as the ore passes. These drifts 
serve for inspection and repair of ore passes, and also provide means for 
reaching the passes at fixed intervals for purposes of breaking jams and 
keeping the ore moving. 


UNDERGROUND STORAGE Bins 


The original design of the first ore-bin system called for the construc- 
tion of six bins, two bins to be served by a single ore pass. -On account of 


Bins 1 a 2 are ae fe 
vith one ore pass, while bins 4 and 5 each have — 
Ore bins of the original system are sulingiiealt in 

form, 3 m. (26. 24 ft.) dia. and 25 m. (82 ft.) high. ~ 


; Fdvidull ore passes. 
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—_ Fic. 9.—PART PLAN OF MAIN ADIT, SHOWING LAYOUT OF ORE-BIN SYSTEMS, ~ 


A second system of ore bins made up of six units is under construction. 
On the new system, dimensions have been changed somewhat and bins 
are being constructed 10 m. (32.80 ft.) dia. and 16.5 m. (54.12 ft.) high. 
A dome-shaped structure is used at the top of the bins to support the 
ground above the bins, which is usually very heavy. 
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Fia. 10.—LONGITUDINAL SECTION ON CENTER LINE OF SULFIDE-ORE BINS. 


Ore bins are located directly above the haulage level and each bin is 
equipped with either two or three apron-type steel chute gates. These 
gates are controlled by air cylinders and counterweights. The counter- 
weight serves for closing the gate and the gates open automatically when 
the counterweight is lifted by means of the air cylinder. Fig. 9 is a plan 
of the ore-bin system and connecting opening on main adit level, and 
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Fig. 11.—Constrruction TIMBERING, SULFIDE-ORE BINS, 
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Fig. 12.—GENERAL ARRANGEMENT OF GATES AND OPERATING MECHANISM UNDER ORE 
BINS. 


The system used for constructing these storage bins was as follows: 
The station under the bin was excavated and lined with concrete, then 
the concrete floor of the ore bin was placed. After the concrete floor 


had been allowed to set, a ring, of square-set timbers was started on the 
Trans. (1929)—11. 


cee conforming to the . perip heen the Pe Spcked Pe i 


set timbers only, was then removed, leaving the center portion of opening 
filled (see Fig. 11), and the concrete walls were poured, using peripheral 
timbers for supporting forms. The concrete dome was put on, after 


which the material inside of the bin was excavated, starting at the top, — 


and concrete forms were stripped as excavation proceeded downward. 
Alterations were made in dimensions of the ore bins when work was 
started on construction of the new unit, because the small diameter of the 
old bins permitted abrasion of the walls. Fig. 12 shows arrangement of 
apron gates and operating mechanism under the ore bins. 


Mine Raitway FOR TRANSPORTATION OF ORE 


_ This railway, including the principal adit, was completed to the loca- 
tion of the first ore-bin unit in the year 1921. Concrete lining in the adit 
was finished in 1923 and no further work was done until 1925, when 
construction of the ore-bin system was started. 

The adit and also other tunnels along this line have a section 10 by 
11 ft.; that is, the tunnels are 10 ft. wide and 11 ft. from base of rail to 
the spring line. No timbering of any kind is used in any of these tunnels. 
Wherever it has been necessary to support the back, lining of concrete 
or rubble masonry has been constructed. 

In the construction of tracks, 70-lb. rails were used and a rail of like 
weight is also employed for transmission and delivery of power. All 
trackage is laid out on a 340 per cent. grade in favor of the load, curves 
being compensated. 

The haulage equipment consists of 45-ton electric locomotives in 
tandem and Ingoldsby bottom-dumping cars of 40 tons capacity. Cur- 
rent is delivered to the locomotives at 500 volts, the current being sup- 
plied by two substations, one located near the coarse-crushing bins at 
Potrerillos and the other at the portal of the main adit (Las Vegas). 
Since the locomotives have been put in service they have been provided 
with trolley connections and a trolley wire is employed over all switches 
and at certain points on the main line where snow is inclined to drift 
deeply during the winter. Third-rail shoes on one side of the loco- 
motives have been taken off, as a measure of safety, and the trolley has 
been substituted. 

Trains are loaded under the ore bins without spotting the cars and 
without bringing the trains to a stop. As the empty cars at the forward 
end of the train pass under the first or most southerly ore bin, a certain 
amount of ore is drawn into the moving cars, but no attempt is made to 
load them completely. As the cars pass under the other bins, additional 


were carried up to the top of the bin, leaving the space inside f the ie 
timbers filled with broken material. This broken rock, inside the square- : 


ore is dropped sito each car and finally the load is finished and eine 
_ as cars pass under the final bin. Ore can be transferred from storage 
bins to coarse-crushing plant at a rate of 1600 tons per hour, using 
two trains. 


— hi i: eee ee ee fab ~ 


UNLOADING AND DELIVERY OF MATERIAL 


At the portal of the main adit is located a camp known as Las Vegas, 
where workmen have been housed during the construction period. This 
townsite will be maintained in the future for the benefit of trainmen 
engaged in the transportation of ore, trackmen, material handlers, etc. 
All materials and supplies to be used in connection with mining operations 
are transported by rail to this point (Las Vegas). From here timber, 
explosives, steel, etc. are hauled by trucks about 4 km. (2.48 miles) over 
a dirt road extending to the main mine camp. 

Because work is going forward at many different points and on differ- 
ent levels and because most of these levels connect with the surface, we 
have found it cheaper to transport material on surface. directly to portals 
of the various adits than to make use of underground transportation by 
way of the main adit and supply shaft. From 3000 to 5000 tons of 
material is handled during the course of each month in this manner and 
trucking costs are extremely low. 


UNDERGROUND EQUIPMENT 


In connection with underground work on the various levels, 19 trolley- 
type 10-ton locomotives are in use. All take current at 250 volts. In 
_addition, four storage-battery locomotives of 614 ton weight are used in 
the handling of development work. Two hundred Granby-type ore cars 
of 5 tons capacity are used on the intermediate haulage level, also 150 
rocker dump cars which are used for the ee a of waste and ore 
that must be stored on surface. 

Air is supplied to all workings from a central compressor plant con- 
taining two Nordberg compressors each of which has a capacity of 5200 cu. 
ft. of free air per minute, sea-levelrating. There is also one Ingersoll-Rand 
compressor with a capacity of 2600 cu. ft. free air, sea-level rating. The 
necessary motor-generator sets for furnishing direct current to the loco- 
motives are in the same building. 

Sharpening of drill steel and tools is accomplished at a number of 
points. The principal steel-sharpening shop is underground on the inter- 
mediate haulage level, but three additional steel-sharpening shops are 
used because the work is so widely scattered and we have found it inadvis- 
able to transport steel to a central sharpening plant. For sharpening of 
drill steel three No. 50 and one No. 5 Ingersoll-Rand sharpening machines 
are employed. 
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CONCLUSION ne 4, ed 


It has been the aim of this paper to cover in a general way only the ~ 
important features connected with development and underground con- 
struction. Production of sulfide ore has been under way for only a little 
more than one year and the first block to be developed has not yet been <a 
fully. mined. Mining of oxide ore is to be started during the current é 
month (April, 1928). Information on mining costs has not been given 
here for the reason that operations are virtually 1 in the preliminary stage 
and costs are not as yet stabilized. 


DISCUSSION ; 
G. 8, Ricx, Washington, D. C.—Is Fig. 3 a characteristic vertical cross-section of 
: the orebody, and if it is, has the work developed enough to know whether the quartz 

diorite porphyry hanging wall shows any symptoms of breaking off when the under- 
E lying ore is extracted? 


C. E. Arnotp, New York, N. Y.—I eases that you refer to the contact between 
the porphyry and the Stopet ret 


E. S. Ricz.—Yes, I refer to breaking above that contact. 


C. E. Arnotp.— While there is a gouge along that wall and it is ae soft, and has 
been the course for descending solutions, when breaking starts it travels practealiy 
vertically to the surface regardless of that contact shown. 


G. 8. Ricz.—You spoke about the pressure requiring the use of concrete lining of 
the grizzly drifts. Was that concrete reenforced? 


C. E. Arnotp.—Yes, but I would say that not as much of the concrete work has 
been used as of the rubble masonry, and I think they ae hea the rubble masonry to 
the concrete. 


G. 8. Ricu.—If this (Fig. 3) is a typical section, does that: pressure come 2 wholly 
from the broken ore or does the whole ground above the undercutting levels produce 
more or less pressure? I notice that the hanging wall is about 200 m. vic to sien sur- 
face above the ore passes, 


C. E. Arnotp.—I do not know, but I would say that it is a combination of both. 
G. 8. Ricr.—How badly are the H-beams in the ore passes abraded by the ore? 


[C. E. Arnotp.—At first, when they tried to run an ore pass as one continuous 
chute, the H-beams wore very fast. Wear was immediately noticeable, so that 
early warning was given and steps could be taken to prevent the situation from becom- 
ing serious. , By splitting the ore passes into 150-ft. sections, approximately, and 
treating each section as an ore-pass unit, the wear is greatly reduced. 


G. 8. Ricu.—Are the ends and the sides tied together by angle irons? ....,.: 
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tied. They: are put in as cribbin but, of course, 


-wall members of the cribbing are put in, a apréader is. 
C e two side H-beams, which keeps the hanging-wall and 
ootwall cribbing eaiber apart; spreaders are placed in the troughs of the foot- 

_ wall and hanging-wall cribbing members to keep the side members apart. 


_G. 8. Ricre.—Have you any figures indicating the tonnage per man underground? — 
os _ C. E. Arnoup.—For direct labor underground they have been getting during the ~ 


last few months from 28 to 33 tons per man. 


4 H. G. Moutron. —You ought to get better ee Miami because you do not hoes 


to control as closely, which would bear out these figures. 


C. E. Arnotp.—In the particular place where we are getting that tonnage we have 


_any overburden we expect to better those figures. 


G. 8. Riczt.—That, I suppose, does nee include the men on development and the 


men putting in the raneh raises? 
C. E. ARNoLD.—Yes, including the developing of that particular block. 
G. S. Ricz.—Including putting in the timber and concrete? 
C. E. Arnotp.—Yes, that is direct labor. 


H. G. Movutton.—Do you put the square sets in on the top by contract or is it 
_ done by day labor? 


C. E. ArnoLtp.—Practically all of the work that can be contracted is contracted 
H. G. Movrtron.—And you do that at so much per set? 
C, EH. ArnoLtp.—Yes, at so much per set. 


_ G. 8. Ricz.—What proportion of the men are English speaking? Are they miners 
brought in from America, or other experienced miners? 


C. E. Arnotp.—I do not know. The proportion is very small. The only men 
‘imported into the country are the superintendents, assistant superintendents, engin- 
eers, geologists, mine foremen, and some shift bosses. 


I. A. Erruincer, New York, N.Y.—Is Mr. Arnold prepared to give costs? 

C. E. Arnoup.—I regret that I have no authority to give costs. 

H. G. Moutron.—What powder are you using down there, Mr. Arnold, 60 or 40? 
C. E. Arnotp.—I think 35 per cent.; that is, in the caving operations. 

H. G. Movutron.—You are not doing any liquid oxygen blasting, are you?’ 

C, EH. ArRnoLtp.—No. 


H. G. Movutton.—Do any of the other companies in South America use the 
Granby car? 


’ 


C. E. Arnoip.—So far as I know, no. 


H. G. Movutton.—It is a car that is entitled to be used more than it is. It is the 
principal contribution of Granby to mining technique, and I have been rather sur- 
prised that its use has not been more extensive. Have you had occasion to use it in 
sticky material, or wet material? 


C. E. Arnotp.—Yes, we use it in the stickiest ore we have, though it is not really 
“sticky” ore. The cars clear a good deal better than hopper-bottom cars. 


to control probably just as closely as Miami, but where the drawing i is done witheus : 
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-_H. G. Movuron.—You have 
spilling of fine material? Ves , 
afce) . itd De . 
C. E. Arnoup.—No. ' a4 ae be ek 
H. G. Moutron.— Do you not think that the coal men ought to use them 
than they do? 


C. E. Arnotp.—I do not know. These cars are well adapted to loading f 
chutes. It would be out of the question to shovel into them, because they are too high. “f 


H. G. Moutton.—Yes, for shoveling, but for transfer they would work well. 
a MemsBer.—What is the height of the car? ; 
i C. E. Arnotp.—About 6 ft. from the base of the rail. 


Ary : H. G. Moutron.—Of course, height is not a fundamental part of the design. It 
can be varied and altered. You can apply the same design to almost any relative 
proportions in the size of the car. 
Are they running both oxide and wi Mr. Arnold? 
7 C. E. Annoip.—Yes. ~ 


H. G. Movutron.—What is the general method of oxide treatment? 


ei 


C. E. Arnotp.—It is straight sulfuric acid leaching. The enriched solutions are 
purified, and delivered to the electrodeposition department, where they make fine 
copper cathodes which are melted and cast into wire bars. 


Ws 


H. G. Movutron.—You do not attempt to recover any of the sulfide in the mixed 
ore by leaching? 


C. E. Arnotp.—No, we have no mixed ores. There is a very sharp transition 
from the oxide ore to the sulfide. 


G. S. Rice.—Are you making plans to study the question of subsidence with refer- 
ence to the extraction of deeper sulfides? Are you carrying on surveys for 
that purpose? 


C. E. Arnotp.—They are watching that very closely, because there is one portion 
of the sulfide ore that has a depth of about 275 m., and there is a considerable amount 
of barren sedimentary high on the flank. It is a question of how much of that over- | 
lying sedimentary material we can afford to move, and one of the points that must be | 
considered is what the ultimate caving slope will be. 


G. 8. Ricn.—According to Fig. 3, I suppose that the critical side would be on ~ 
the porphyry. 


C. E. Arnoup.—It is not to the section shown in Fig. 3 that I have reference; 
the section I refer to is much farther north in the mine. The sedimentary has the 
same dip as shown in Fig. 3 but lies on the opposite side of the porphyry. The hill 
runs up steeply to the left-hand side, and before we cave the sulfide at the bottom we 
want to know where the plane of breaking is going to lie from the edge of the caving 
workings to the surface. 


Subsidence from Block Caving at Miami Mine, Arizona* 


 * By F. W. Mactennan,t Miami, Ariz. : 


(New York Meeting, February, 1929) 


_-Paprrs by D. B. Scott, E. G. Deane, and J. H. Hensley, Jr.! describe 
: the succession of mining methods used in the Miami mine—square-set 
system, shrinkage stoping, top-slicing method, and the undercut caving 
system which was then being used, and which embraced the use of finger 
raises. . The last-named system worked well but when the rich ore was - 
exhausted it became necessary to reduce costs so as to make availablea _ 
- low-grade ore containing an average of less than 0.9 per cent. total copper 
with less than 0.8 per cent. in sulfide form and with no precious-metal 
values. 
There was then developed for this low-grade ore the system of separate 
large block-caving stopes, in lateral dimensions 150 by 300 ft., or 150 by 
150 ft., with intervals between stopes of the same size so that subse- 
quently these pillars may be similarly mined. The results have been 
1 most favorable. Under the previous system the production of ore per 
man-shift for all underground labor was 8 tons. The present produc- 
: tion per man-shift underground is 28 tons. In starting this work the 
problems were: 
1. How the ground would cave above the stopes. 
. 2. Whether in the first stopes caving would encroach on the pillars 
as laid out. 
: 3. Whether in subsequent mining of the pillars waste filling would 
be drawn from the previously caved adjacent stopes. 
Fig. 1 is a small key plan for showing the location of cross-sections 
as well as of ore mined and the limit of the escarpment and limit of crack- 
ing on the surface caused by the caving of the capping overlying the ore 
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* The following papers on subsidence will appear in a volume of T’ransactions on 
Coal and Coal Products to be issued in 1980: 
W. Herd: Bumps in No, 2 Mine, Springhill, Nova Scotia. 
H. W. Montz: Subsidence from Anthracite Mining. With an Introduction on 
Surface Support, by R. V. Norris. 
H. Louis: The Royal Commission on Mining Subsidence. 
+ General Manager, Miami Copper Co. 
1D, B. Scorr: Stoping Methods of Miami Copper Co. Trans., A. I. M. E. (1916) 
55, 137. 
E. G. Deane: Block Method of Top Slicing of the Miami Copper Co. Idem 
(1916) 55, 240. 
J. H. Hensley, Jr.: Mining Methods of the Miami Copper Co. Idem (1925) 72, 78. 
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withdrawn. Very little cavin g i 

stopes up to the top of the ore. Special care been taken to p 
caving beyond the stope boundaries by driving boundary caving i 
at suitable vertical intervals, to cause the stopes to cave to this bounda1 
and not beyond it. = aches 


From the results so far it is believed that there is little caving or 
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Scale: 1 in. = 540 ft. 


Fia. 1.—Pian or 720-rr. HAULAGE LEVEL, SHOWING CAVED AREAS AND RESULTING 
SURFACE SUBSIDENCE. 


ground movement beyond the boundaries in the orebody. There has 
been only one instance where any movement has been found in the ore 
adjacent to stoping operations, and that is shown on the East 250 section 
by crack E, which records the movement of a few inches of the drifts on 
the various levels. 

So it may be that in our case the angle of draw should begin with the 
top of the orebody instead of the bottom. This is quite an important 
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* 0 eine ink mining the « ore, as s alternate stopes are eTeized and the aeieitel * 
‘i _ Stopes are depended upon not to encroach on the pillars and the pillars 
not to move laterally towards the original stopes. — m 
: Figs. 8-12, inclusive, are photographs taken from the same ‘place 


showing the settling of the surface from Jan. 1, 1926, to Nov. 1, 1928. 


The difference in the subsidence shown over the area in the first ata last 


. photographs was caused by the removal of 11,400,000 tons of ore. - The 


subsidence caused by the mining of an individual stope, the horizontal — 


E dimensions of which were 150 ft. square, will be noted on the plan (Fig. 1) 


and also on sections N. 1780 and W. 925 (Figs. 2 and 3). The time 
element in the subsidence of the surface over this small area is of interest. 
The area was undercut:at the bottom of the ore at an elevation 650 ft. 


vertically below the surface. This overburden consisted of a vertical 


height of 220 ft. of highly fractured ore, which has a tendency to cave 
much more easily than the average ore at Miami, so much more so that 


it was necessary to use a method of undercutting that did not involve 


opening such large areas as usual in the regular system of undercutting. 
The 220 ft. of ore was overlain by 430 ft. of capping, which I presume 
would also be more easily subject to caving than the average of orebody 
at this mine. This area, known as stope 11, was completely undercut 
and full-scale, ore-drawing operations commenced on June 14, 1928. 


On Sept. 25, 1928 (104 days later) this stope caved through the surface, 


and up to this time, 115,000 tons had been drawn. This tonnage is 


* equivalent to a vertical depth of ore of 82 ft. of the entire area of the stope. 


In other words, the entire vertical column of ore and waste of 650 ft. 
subsided through undercutting of the bottom and removal of 12.6 per 
cent., or approximately one-eighth of its volume. © Up to Dec. 1, a vertical 
Eepth of 131 ft. of ore was drawn, causing a maximum surface subsidence 
of 60 feet. 

It is also interesting to note that this stope has caved almost vertically 
over the area undercut, veering off to the southwest about one-half the 
width of the stope, and that the area of subsidence on the surface is not 
very much greater than the area of the stope. The surface vertically 
over the space between this stope and the adjoining stope, which is 
almost completely drawn, is absolutely intact, with no subsidence show- 
ing in spite of the fact that the two stopes are only 150 ft. apart and 
are silled off 650 ft. below the surface. 

The extreme dimension of the orebody north and south is 2700 ft. 
and east and west 2100 ft. ‘The maximum subsidence is 270 ft. shown 
on the W. 250 section at N. 850, this subsidence resulting from the removal 


- of a vertical depth of 340 ft. of ore. This represents a subsidence of 79.4 


per cent. of the depth of ore removed, which seems rather high, but there 
are so many contributing factors, such as the previous mining of ore 
to one side of this section, causing part of the overlying surface to slide 
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172  suBSIDENCE FROM BLOCK CAVING AT MIAMI MINE, ARIZONA 


off horizontally, thus reducing the amount to be subsided, that it is not 
safe to draw conclusions from these data. In an estimate made some 


Fig. 4.—EscaARPMENT ON CONGLOMERATE SHOWING THE NEARLY VERTICAL BREAK. 
Fic. 5.—GENERAL APPEARANCE OF CAVE OVER LOW-GRADE OREBODY. 


years ago, by figuring the volume of ore mined and the volume of subsid- 
ence, the average appeared to be that the subsidence volume repre- 
sented about two-thirds of the volume of ore removed. 


DESCRIPTION OF ILLUSTRATIONS AND Deraits oF Grounp Movement* 


The accompanying photographs and drawings illustrate the nature 
and extent of subsidence caused by mining operations at the Miami 


* Prepared by HE. V. Graybeal, Mining Engineer, Miami Copper Co. 
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Copper Co. The caved area over the orebodies is entirely in schist 
except along the Miami fault where the hanging wall is in conglomer- 
ate (Fig. 4). The general appearance of the cave over the low-grade 
orebody is shown by Figs. 5 and 7. Figs. 8 to 12, inclusive, are photo- 


Fic. 6.—SuBSIDENCE OVER STOPE SHOWN IN N. 1780 anp W. 925 SECTIONS. 
Fic. 7.—LoOKING SOUTH ACROSS CAVE OVER LOW-GRADE OREBODY. ‘THE CON- 
CENTRATOR AND TAILING PILE ARE IN LEFT BACKGROUND. ~ 


graphs (eren from the same point covering a period of about 3: years, 
and show the drop in successive stages. Fig. 1 is a plan of the°720-ft. 
haulage level; the hatched area indicates the mined portions of the ore- 
bodies; surrounding this area the solid line marked ‘‘cave’” repre- 
sents the escarpment on the surface resulting from these operations and 
the dotted line outside the cave designates the location of any further 


Fias, 8-10.—SuccEssIVE STAGES OF SUBSIDENCE AT MIAMI MINE, JAN. 1 To ApR, 
29, 1926, 
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movement, usually small disconnected cracks. The sections (Figs. 2 and 
3) show the position of the orebodies with respect to the surface and the 
subsidence resulting from their extraction. The original surface is 
shown dotted over. the present surface. The areas hatched with solid 
lines represent ore mined and the areas hatched with dotted lines are 


Figs. 11 AND 12.—SUBSIDENCE AT PLACE Oa IN Fies. 8-10, June 15, 1926 To Noy. 
1, 1928. 


adjacent to exhausted stopes; the subsidence over these areas is therefore 
caused by drawing on either side of the section. 

The capping varies in thickness from 245 to 500 ft.; the ore has an 
average thickness of 315 ft. and is 81 acres in extent. Both ore and cap- 
ping are Pre-Cambrian schist, the character of which varies in different 
parts of the mine, as there has been much alteration due to extensive 
fracturing and silicification as well as kaolinization along numerous small 


or. tre ae ae devel Pp ry ) 
ceptibility to caving depends largely on ‘these factors as w 


area undercut, ) Aude ; 


~The main orebody was mined by a block caving system, iia details of 


rice have been previously published.2 Successive lifts of about 75° ae ' 
in height were undercut and drawn beginning at one side and retreating _ 
-across the orebody. The resulting subsidence is shown on the sections _ 
(Figs. 2and 3) between points A and B. The break followed the drawing © 


closely and very little piping through to the surface occurred. 

The low-grade orebody is mined at present by a system in which the 
orebody is divided into stopes either 150 by 300 ft. or 150 by 150 ft. in 
ared. ‘The entire head of ore is taken with one undercutting operation 


and lateral caving is prevented by boundary drifts driven around the ~ 


perimeter of the stopes at 30 or 45-ft. vertical intervals, depending on the 
ground. Any required number of pillar stopes may be drawn after suf- 
ficient time has elapsed to allow the caved capping to consolidate in the 
exhausted stopes. On the sections (Figs. 2 and 3) the caved area joins the 
main orebody cave on the south and extends north to point C. There is 
probably very little caving outside the boundaries of the stopes them- 
selves; numerous places for observing this action are provided by the 
development drifts of adjacent stopes. However, slight movement 
outside the stope boundaries may develop, as is shown by the crack 
E on the E. 250 section (Fig. 2). The ore has-been extracted to N. 
1075 on either side of this section and as a result of these operations the 
crack, with several inches of movement, occurred in the drifts to the 
north. On the surface the crack is about 1 ft. wide. On the W. 250 
section there is no apparent movement underground outside the stope 
boundaries, and on the surface no cracks appeared in advance of the 
escarpment at C. The plan shows a crack to the north of this escarp- 
ment, but this crack appeared at a much later date and was caused by 
stoping west of this section. The N. 1780 and W. 925 sections are at 
right angles through the center of an isolated stope from which about 130 
ft. of ore has been drawn. Fig. 6 is a photograph of the cave over this 
stope. The subsidence has been unusually uniform, and with no piping 
to the surface, as is usual with this method of mining. 


DISCUSSION 


G, 8. Rice.—Mr. Maclennan has given us one of the most interesting and valuable 
studies that has been made public on ground movement and subsidence from metal 
mining, because it deals with a new layout of block caving stopes and because it gives 
information on subsidence based on accurate surveys. 


2 J. H. Hensley, Jr.: Op. cit. 
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; hat monuments had tak oe show he mececd of each corner of Hise of the 4 
__ Separate stopes in low-grade ore. I learned that surveys were being made from time 
_ to time giving information on the time of the movement as well as the amount of 
_ movement. A number of points of exceptional interest deserve comment. 
Referring to the “main” orebody mined previously, as shown in the plan of Fig. 1, 
and in the cross-section of Fig. 2, it is interesting to note that although a ation 


from the bottom of the low-grade ore stopes adjacent to he main orebody, as shown 
in sections E. 250 and E. 0 (Fig. 2) at angles of only 50° to 56° respectively, and these 
appear to be in planes approximately parallel with the Miami fault. 

Are these flatter dips parallel with the bedding planes of the schist and is this the 

reason that the angles of draw are so low? Such effect is not indicated by section N. 

4 900 (Fig. 3) where the angle of draw appears to be at a steeper angle, 69°. However, 

: the east and west direction of this vertical section apparently does not register the 

maximum draw, which appears to lie to the northwest of the low-grade orebody where 
the full line that marks the escarpment indicates a much flatter draw than 69°. 

In section W. 250 (Fig. 3), which runs in a north and south direction, the angle of 
draw, 45°, appears to be the flattest recorded. It extends southward from the bottom 

_of the main orebody, in a direction apparently at right angle to the bedding planes 
of the schist. 

Most interesting sections are those of the two isolated stopes in the low-grade ore 
as shown in N. 1780 and W. 925, Fig. 3. The angles of draw are steep and apparently 
at this earlier stage of subsidence the bedding of the schist has little influence upon 

_ the draw. 
In the stopes underground I was greatly impressed to see how little ground move- 


_ marked fault (‘‘Miami’’ fault), indicated as following the contact between the con- ; ‘4 
_ __ glomerate and schist, intersects diagonally the overburden above the south part of <. 
the mine, the angles of surface “break” or “draw,” varying from 67° to 76° from the Se 

‘ bottom of the workings, cut across the plane of the fault, apparently without the : 

fault affecting the ese of draw either in the direction at right angle to the fault or 2 
parallel with it. 7 
ei On the other herds in the northern part of the mine, the angle of draw extends - 

te 


. ment there was, as Mr. Maclennan mentions, of each stope beyond its respective 
; boundary, as shown in the mine workings. This was probably in large part due to the 
F care with which each stope was cut around, so that in effect the descending ore acts 
3 as a piston column, the broken ore supporting the walls of ore at the sides. 


That the system of mining has been most successful is well known to the metal- 
a mining industry. It is indicated by the large yield per man-shift, and it has made 
3 highly profitable the mining of an ore so low in grade that formerly it would have been 
. considered worthless rock. 
Mr. Maclennan may now be in a position to tell us about the probability of recover- 
ing most of the ore in the intermediate blocks without weakening by waste drawn in 
from the adjacent filled stopes. In any case he development of this method of block 
caving has been a splendid success. 


F. W. Macitennan.—I believe the dips at the north end of the orebody are flatter 
largely because they are parallel with the bedding planes of the schist, while the steeper 
dips at the south end of the orebody cut across the bedding planes of the schist. 
The schistosity dips approximately south at an angle varying from 25° to 75° from 
the horizontal. 

Regarding the flattest angle of draw, 45°, undoubtedly this is due to the fact that a 
considerable amount of ore was drawn a little to the east of this section and con- 
siderably farther to the south than the point from which the 45° dip is started south. 

Trans. (1923)—12. 


ores and are die than some of enh 1 the care ew papas t 
stope from the pillar and the close control we apply micah sr the original 


and the pillar stopes, I am confident that satisfactory - results j int dit pillar Ss 
are assured. ’ 

[During the session at which this paper was presented, C. w. Wright riiiahistesh 
paper on subsidence in metal mining—W. R. Crane: Subsidence and Ground Move- __ ' 
ment in the Copper and Iron Mines of the Upper Peninsula, Michigan. U. S. Bur. 
Mines Bull. 295.] : 
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Handling of Fine Ores and Concentrates in Salt Lake 
Valley Lead Smelters 


By L. D. Anprrson,* Satt Lake Crry, Uran 


(New York Meeting, February, 1929) 


WueEn, after years of troublous experiences in roasting sulfide ores 
with heavy dust and fume losses resulting from the equipment and 
methods first available, there appeared on the scene of metallurgy that 
revolutionary process known as sintering, it was felt that at last there 
had been found the ideal method for preparing sulfide ores for blast- 
furnace reduction. Not only were the sulfides roasted but also the fine 
oxidized ores were bound together with them in strong porous cellular 
masses which were in the best possible condition for reduction. With 
the experiences gained in the manipulation of the Huntington-Heberlein, 
Carmichael-Bradford, and Dwight & Lloyd processes there developed 
a refinement of detail which brought the whole plan of roasting by 
sintering to a high plane of perfection. But that metallurgy is never 
stationary is revealed by the fact that changes in milling practice, 
particularly the development of flotation, have introduced a new set 
of problems in sintering itself. Inasmuch as it is felt that these problems 
have not yet been solved in an entirely satisfactory manner this paper 
is written to record the present practice of the Salt Lake Valley smelters 
with the hope that there will be brought forth such discussion as may 
perhaps lead to still better practice. 

By far the greater proportion of the sulfides smelted today are 
flotation concentrates. Usually they are high grade, sometimes as high 
as 70 per cent. and more in lead. They are extremely fine, many mills 
grinding the ore so that from 60 to 80 per cent. will pass through screens 
of 200 mesh. The physical condition in which many of these concen- 
trates reach the smelters is disconcerting to the metallurgists. Some are 
of about the consistency of putty. Others are of a sticky, slimy nature. 
Others again, dried to the limit, are veritable powders. Remembering 
that the down-draft sintering charge for the best results must be porous 
enough to let air be drawn through it reasonably well, must be thoroughly 
mixed, and must have some coarse material in it to segregate out and 
form a layer on the grates, it will be understood that the advent of this 


_ extremely fine material has made necessary still further elaboration in 


the equipment and processes of preparing sulfides for the blast furnaces, 


* Chief Engineer, United States Smelting, Refining & Mining Co. 
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of the lead which caused the material to frit together, close off the passage i 
of air and end the roasting operation before the necessary amount yo ? 
‘sulfur had been removed. In addition the resultant sinter was weak __ 


; at a : = ee Se 28 = ¥ 
call of which is expensive. T Erihente of t 


have brought about another difficulty caused by the bai 


and friable so that the blast furnaces which had been running freely with — 


the old hard sinter from crude sulfides were choked. The manner in a 


which the difficulties outlined have been coped with thus far is a record 


of real achievement. * 


DovusLE Roast 


Probably the biggest step in the solution of the problem came in the 
development of the ‘‘double roast,” wherein after a first rough sintering 
the entire mass resulting is crushed and sintered again, usually with an 
admixture of a small percentage of new material, both sulfide and oxide. 
This was not adopted all at once. It probably developed from the 
practice of screening the sinter and returning the fines to the charge for 
resintering. As the sinter from fine concentrates began to get weaker 
and weaker the proportion of these fines became greater and greater 
until finally some one hit upon the idea of returning the entire first 
sinter for a second sintering, adding just enough new sulfides to bring 
the sulfur content up to a point where it would ignite again. It was 
found that the “‘pop corn” articles from the first roast were effective in 
opening the charge for the passage of air. The second sintering also 
brought the sulfur down in the final product to about half of what it 
was in the first sinter. The lumps of sticky concentrate which did not 
sinter the first time over were at least dried so that they mixed better 
with the second charge. 

As observed in the Salt Lake Valley this second or double sinter is 
a decidedly better product than that which was obtained when fine 
concentrates were first sintered. It is still rather weak as compared 
to that made from crude sulfides. Two materials have from time to 
time been added to the charges to strengthen the sinter, namely crushed 
or granulated slag, and matte. Although these materials undeniably 
do strengthen the sinter, their use is not always an ultimate economy. 


ReEpDvuUcTION OF DoUBLE SINTER 


Reduction of the double sinter in the blast furnace seems a little 
more difficult as fairly high percentages of coke are used together with 
considerable scrap iron. The three smelters are using on the average 
about 18 per cent. of a by-product coke running 85 to 87.5 per cent. 
fixed carbon. At times the amount used is as low as 12 per cent., or 
less, and occasionally up to 14 per cent. or more. The amount of scrap 


Se ee Fabs necessary Wat eeu reduction. 


High blast pressures prevail generally. In fact, the Murray pland: uses 
_ pressures which are reported as reaching at times heights twice as great 
as those considered safe a few years ago. Tooele has been using a blast 
pressure of 44 oz. per sq. in. and Midvale about 48 to 52 oz., measured 
at the blowers. Murray operates on the principle of a fixed amount of 
_ air per minute letting the blast pressure go where it will, within bounds. 
This is somewhat the practice at Midvale although there the maximum 
is limited to 52 oz. At Murray, it is stated, it has gone to 60 and 70 
oz., and even more, momentarily. This is quite an innovation when 
compared to the old practice of keeping the pressure fairly uniform, 
regulating the quantity to so maintain it. Ten years ago the blast 
pressures were more commonly in the neighborhood of 36 to 42 ounces. 
Piston blowers are used to obtain these pressures, eycloidal blowers 
having too great a slip. 

The logic of this practice is obvious. With a charge composed mainly 
of sinter, and that weak and friable though porous, the blast-furnace 
charge column now has a multitude of small passages for the blast instead 
of the comparatively smaller number of larger passages existing in the 
days of strong sinter in large cakes. While the actual amount of air per 
ton of charge is probably no greater, if not less, than in former days never- 
theless the resistance is very much greater, hence the higher pressures. ° 

These higher blast pressures although difficult to handle, together 
with the higher percentages of lead on the charges, have naturally resulted 
in fast running and new records in tonnages per square foot of hearth 
area. Without taking into account the so-called “concentration” 
charges for resmelting matte, which always ran extremely fast, the pres- 
ent rate of smelting puts through 5 to 6 tons of charge exclusive of coke, 
per square foot of hearth area per 24 hr. Five tons is about the general 
average, day in day out, without allowance for lost time. Naturally at 
times when the furnaces have become well ‘‘crusted up” and approach 
the ends of their campaigns the rate is not so good. On the whole, 
however, there has been a gaininspeed. This, plus the higher percentage 
of lead on the charges, has in turn brought about a rapid running of 
bullion from the lead wells. The furnaces need close watching for if they 
do start channeling or blowing through the effect is rather startling. 
Nevertheless they run surprisingly quietly with the high blasts. 


Roastinc EQuirpMENT 


At the Tooele smelter of the International Smelting Co. all lead plant 
roasting is at present done on 10 Dwight-Lloyd machines, four of which 
are used for the first or rough roast sinter and six for the finished sinter. 


tae 


The proportioning of the sens fig effect ventional m 3 
by individual feeders from the respective ing, all ieee giles one | 
common belt conveyor. Most of these feeders are of the revolving disk, 
or modified Challenge, type. For sticky concentrates, however, rubber “7 
belt feeders have been installed under separate auxiliary hoppers. Con- 
iS centrates drop into these hoppers from the overhead bins. By this means. ; 
; an opening is left between the hoppers and the bins through which a 
pokebar can be manipulated to bring down the concentrates when they 
hang up in the bins above. In addition this pokebar is a piece of pipe 
attached at one end, through a valve, to a length of air hose, making it 
possible to use compressed air to further assist in dislodging hung-up 
material. This whole arrangement is quite helpful. The first conveyor 
collecting material from the feeders discharges into a large mixer. This 
is like a very flat inverted frustrum of a cone. Four arms driven by bevel 
gears and having plows mounted in them turn the charges over and work 
them into the central discharge hole through which they drop on to the 
conveyor belt leading up into the sintering building proper. A third 
conveyor belt distributes the charges into the respective machine hoppers 
by means of a traveling tripper. From these hoppers the material is fed 
onto the machines by adjustable revolving disk feeders. A reciprocating 
swinging chute distributes the charge uniformly across the width of the 
sintering machine pallets. This same device is used at the Midvale 
plant of the United States Smelting, Refining & Mining Co. 

For ignition all three of the valley smelters use a furnace fired with 
coke breeze and supplied with a gentle blast of air. The uptake of this 
furnace makes a complete 180° turn, discharging the gases of combustion 
downward on the moving bed of charge on the sintering machine. This 
furnace has proved to be a great help in getting a good ignition of the 
charges, being in fact much better than the oil-fired muffles originally used. 

The entire first sinter, fines and all, is taken to the sulfide mill in 
railroad cars and crushed down to }4in. to 3¢ in.size. After this crushing 
it forms about 70 per cent. of the second or finishing sinter, the remaining 
constituents of which are about 10 per cent. siliceous diluent, 10 per cent. 
crude sulfides and 10 per cent. miscellaneous. On discharging from the 
machines the sinter drops over a grizzly with 3g-in. openings into railroad 
cars for transport to the blast-furnace charge bins. The return fines 
through the grizzlies go back to the first or rough sinter where they are of 
benefit in opening up a charge which would be pretty dense otherwise, 
composed as it is of flotation concentrates, both oxide and sulfides, dust 
from the Cottrell precipitator, fine diluent, and so forth. The first 
sinter charges run about 1214 to 13 per cent. sulfur and are roasted down 
to about 6 per cent., while the finishing charges run about 914 per cent. 
sulfur and are cnsbe to as low as 1.7 per cent. The tascnalie of 
getting the finished roast as low as possible in sulfur so as to keep the 


matte fall from the blast furnaces low is self-evident. The ores received 
at the valley smelters generally have present appreciable percentages of 
copper so it is not feasible to eliminate the matte fall entirely as is done in 


-some other districts. 


Practice at Murray 


At the Murray plant of the American Smelting & Refining Co. three 
Dwight-Lloyd machines are engaged on rough presintering and four on 
finish sintering. The entire product of the first three machines falls on a 


- chain type pan conveyor which carries it to a pair of Linkbelt toothed 


rolls, from which the crushed sinter is conveyed to a pair of straight face 
rolls. After rolling to about 3-in. size or smaller the product goes to bins 
from which it is fed out as the principal ingredient of the second sinter. 
Some of this first sinter is used also as diluent on new charges of first 
sinter. Belt feeders from the respective bins discharging onto one main 
conveyor are used to proportion the charges which are conveyed to 
conical hoppers over the sintering machines. Under these hoppers are 
horizontally revolving tables acting as both feeders and mixers through 
the action of stationary plows which turn the material over and work it 
to the edges of the plates and over down onto specially shaped chutes to 
spread it over the pallets. At an intermediate point in the conveyor 
system, where direction changes, one conveyor drops the charges through 
a Steadman disintegrator. This machine, originally installed to break 
up lumps of concentrates, has proved to be also an excellent mixer. Its 
action plus that of the horizontal mixer tables puts the charges on the 
machines in a condition approaching the ideal state of thorough mixture. 

Multiple-hearth roasters of the Wedge type are used to preroast 
high-sulfur concentrates, such as pyrite, before submitting them to the 
sintering, treatment. These iron concentrates are particularly trouble- 
some to sinter, making weak cakes unless mixed in the proper proportions 
with other material of better sintering qualities. Dusting was particu- 
larly troublesome on these roasters until the adoption of a mechanism for 
moistening the calcines as they were discharged. 

One detail of practice at Murray which has been helpful in the hand- 
ling of the troublesome flotation product is the manner in which it is 
bedded with crushed crude sulfides in the unloading bins before transport 
to the charge bins of the sintering plant proper. By this means the drier 
and coarser crushed crude sulfides add their characteristics to the wetter 
and finer flotation concentrates, resulting in a mixture which can be 
carried on the conveyor belts to the charge bins and out on the feeder 
belts without too much trouble. However, even this expedient does not 
insure against the appearance of lumps of concentrate which would cause 
much difficulty were they not broken down by the Steadman disintegrator 
previously mentioned. 
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At the Midvale Sine of the 


- Mining Co. there are one MeDougal 8 ne ns Wades SLE capes six a 


sintering machines. High-sulfur concentrates, such as pyrite, are given 
a preroast on the former, the sulfur being brought down to around 12 
to 18 per cent.. With the fine concentrates are mixed certain plant 
by-products such as speiss and other miscellaneous materials. A sort 
of rough bedding together of these materials somewhat as at Murray 
lessens the difficulties of keeping the fine material moving. Most of 
these furnaces have belt feeders, but feeders of the apron type such as 
installed on the McDougal furnace are more positive in their action on 
fine concentrates. Regardless of what type of feeder may be used close 
watch of the bins must be maintained to guard against hang-ups. The 
calcines were formerly very troublesome on account of the dust. This 
difficulty was overcome by taking off a spray from the water-cooling 
system of the revolving arms on the bottom hearth, thus making this a 
moistening and mixing floor rather than a roasting hearth. The calcines 
treated in this manner cause no further special difficulty in hand- 
ling beyond that inherent in the poor sintering qualities of high- 
iron concentrates. _ 

From the calcine bins into which this material is carried by conveyor 
belt from the multiple-hearth roasters it is transported in V-body tilting 
cars to the charge bins of the sintering plant. The same cars also haul 
the other ingredients of the sintering charges from the sampling mill 


_ reject bins where they are unloaded. ‘The siliceous fines used for diluent 


are ordinarily screened from the oxidized ores as they pass through the 
sampling mill and are distributed by a traveling belt tripper into com- 
posite beds in the sample mill bins, beneath which run the V-body cars. 
The charge bins at the sintering plant therefore draw their supplies 
from two sources, the preroast calcine bins and the sample mill reject 
bins. Belt feeders under the respective bins discharge onto one common 
belt in the conventional manner, which belt delivers the proportioned 
charges to the bins over the sintering machines. A weighted roller 
riding on this main conveyor at a point where there are three closely 
spaced straight idler rollers underneath gives some assistance in breaking 
down lumps. From the sintering machine bins the charges are drawn 
out by rubber belt feeders and dropped into cylindrical revolving barrel 
mixers, 20-in. dia. by 5 ft.long. These mixers, driven Worough bevel gears, 
slope downward toward their discharge ends at about 25¢ in. per ft. 
Interior lifting rabbles were tried but finally discarded. These mixers, 
which were a gradual evolution after grievous experiences with Stee 
types, have done quite well although they do not insure breaking down 


of lumps as may be said of practically any type other than the definitely 
disintegrating ones. 


seo 


varying with the materials to be dealt with. Grizzlies in the discharge 
chutes are not used at this writing. The first sinter, discharged into 
railroad cars, is hauled to the sampling mills and crushed to about 14 


to 3g in., and then brought back to the charge bins to be proportioned ~ 


out as the principal constituent of the second or finishing sinter. It is 
frequently used over again, in small part, as diluent for a new first sinter. 
Sulfur in the first sinter charge runs about 12 to 13 per cent., being roasted 
down to 6 or 7 per cent. The second sinter charge ‘runs about 9 per 
cent. and is roasted down to about 3 to 4 percent. Discharged into rail- 
road cars without screening it is hauled to the blast-furnace charge bins. 

The above outline of the practice of the Salt Lake Valley smelters 
in sintering is scarcely adequate to give a full picture of the difficulties 
encountered in handling fine ores. The greatest change in practice and 
undoubtedly the most helpful is the double roast or sinter. But the 
fact remains that the concentrates have to be roasted two, three or more 
times before they are fit for good reduction in the blast furnaces. > 

Direct reduction of high-grade concentrates with scrap iron in rever- 
beratory furnaces has been discussed but does not as yet seem 
quite practicable. 

The very high grade of some of the flotation neabgininies has directed 
attention to the possibilities of reduction on the Scotch hearth. How- 
ever, for this work the grade must be maintained at 70 per cent. and better, 
which is generally not regularly possible. Furthermore, some experi- 
mental work along this line appeared to indicate that troublesome a 
problems would occur. 

If a stronger final sinter could be obtained a lower blast could be 
used. Perhaps a saving feature in connection with the smaller sinter 
obtained is the small by-product coke now used. The two mix together 
fairly well making a sort of thick porous mat which takes air more uni- 
formly through the general mass than the old charges of solid ore and 
large coke, although at the expense of high pressure and the liability to 
burst through in case of any uneven charging. 


MoisturE IN CONCENTRATES 


A rather curious element in influencing the degree of difficulty 
encountered in handling flotation concentrates is the percentage of 
moisture in them. A difference of 2 or 3 per cent. makes a surprising 
difference in the workability of the material. The more closely this 
can be controlled the more easily can the sintering charges be handled. 
Mills with inadequate filtering capacities send in wet, slimy material 
which is a veritable bugbear. Some well-filtered concentrates move 
surprisingly well. At the other extreme are‘ concentrates which have 
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crushing before they could be sintered. Since it must be admitt that 
it is difficult to control the moisture at the mills the smelters assumed — 
the duty of taking everything as it came. One plant reports that by © 
carefully regulating the moisture in the charges as compounded for the - 


sintering machines considerable improvement in the strength of the prod- — 


uct has been effected. From 714 to 8 per cent. moisture on the first 
sinter and from 5.8 to 6 per cent. on the finished sinter appear 
to give the best results. 

Swing-hammer pulverizers, squirrel-cage dicintenratoes toothed rolls, 
single-roll crushers and other devices have been tried and some are still 
in use for crushing and mixing. Manufacturers of such machinery have 
given the problem study and rendered valuable assistance. Yet it must 
be clear that the present-day roasting plants constitute astonishing 
assemblages of machinery with all their feeders, conveyors, crushers, 
mixers, etc. Simplification would be most desirable but so far it does 
not appear to be in sight for plants that would avoid that enemy of good 
reduction in the blast furnaces, fine unroasted sulfides. 

Yet continual progress is being made as the result of the unremitting 
efforts of the metallurgists to cope with the constantly changing condi- 
tions. A hopeful sign for the future is the mutually helpful attitude 
displayed toward one another. Realization that this spirit exists embold- 
ens one to seek criticism and suggestions for further improvements. 
For example, what experiences have any of the readers of this paper 
had in conveying hot sinter? What are good feeders and good bin 
shapes for sticky concentrates? What experiences have there been 
with the different types of crushers for sinter? How are flotation con- 
centrates best sampled? What is done to allay dusting and fuming, 
aside from water spraying? What are the types of mixers which have 
been found satisfactory? If responses to such questions and allied ones 
which may suggest themselves are forthcoming then the writing of this 
paper will have been well worth while. 


DISCUSSION 


R. L. Luoyp, New York, N. Y. (written discussion) —Mr. Anderson has given us 
an excellent and very helpful discussion of a most troublesome problem. It divides 
itself naturally into two subjects which are from the cost per ton point of view nearly 
equal in importance. The first subject has to do with the chemistry of the process 
from the metallurgical point of view and this chemistry is somewhat affected by the 
mechanical condition in which the product must be furnished to the furnaces. The 
second subject is the mechanical handling of the modern extremely fine, slimy and 
gummy concentrates which now constitute the lead smelters’ main supply of lead- 
bearing materials, 
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metals in the process of desulfurization. It was early recognized that the sintering 
process and the apparatus which may be used in carrying it out were limited to a 
certain fuel range inside of which the best and cheapest work could be accomplished, 
therefore roasters were not displaced in the case of the highest sulfide ores. On the 
other hand, the introduction of sintering permitted roasting itself to be carried on in 
its own best range, so that roasting could be done much more cheaply than previously. 

The economic fuel range of sintering comes in below the economic fuel range of 
roasting, while the temperature range of sintering is much above the temperature 


range of roasting, so the invention of sintering put into the hands of the metallurgist 


an additional tool and made it possible to attain a final result through the best range 
of roasting and the best range of sintering, that was a much better product chemically 
and physically than the roasters could make alone; indeed, the product was immensely 
superior to anything that had been previously known; also, the combined procedure 
was cheaper than the roasting process alone, which heretofore had been pushed 
beyond its range. In other words, the net result was a new metallurgical product, and 
whereas the product before had been at the best a hit or miss sort of agglomerate 
varying from stony slag to dusty fines, we now have the uniformly porous and chem- 
ically constant material which we know as sinter. It is to the physical condition of this 
product, sinter, that I refer when I say that the chemistry of the process is itself 
concerned with the physical nature of the product. Originally sintering started out 
to make this product in one bite, so to speak, and while it often still does so, better and 
cheaper results can be obtained in many cases by taking two bites. To take two bites 
requires, to all intents and purposes, the same amount and kind of equipment that is 
required to take one bite, except that there has to be an intermediate crushing between 
the bites; and so grew up double sintering, which is in its way analogous to stage 
pumping as compared to the single lift. : 

Double sintering had been approximated by the addition of return fines, even 
sometimes crushed sinter, before true double sintering was done at the works of the 
St. Joseph Lead Co. in Missouri. . 

The conditions which now prevail so far as the sintering itself is concerned would 
have prevailed in any event, even though the flotation process had not changed the 
physical character of the lead smeltermen’s ores. 

The second part into which Mr. Anderson’s paper naturally divides itself deals 
with the mechanics of the handling of the extremely fine flotation concentrates. This 
problem is not yet solved. Mr. Anderson cails attentionto bedding methods, which are 
a partial solution, though not always available. He also calls attention to mechanical 
methods, the chief feature of which is to have the receiving bins discharge largely by 
main strength into auxiliary bins from which the concentrates are handled by feeding 
devices, these devices being possible on small bins although they would not work at all 
on large bins. The small bins act as rectifiers between the large bins and the machines 
or mixing devices. It is unquestionably true that the mechanics of the handling of 
present-day smelter input, from a dollars and cents point of view and the possibility 
of savings, is a problem as great as or greater than the sintering process itself, even 
when account is taken of the mixing back with the original concentrates of coarse and 
dryer materials such as flux, diluent or even returned or recrushed material from the 
second stage of the operation. 

I believe that the mechanical handling of flotation concentrates is working toward 
a radical change, although not by the introduction of any new or untried machinery 
or apparatus. I believe that flotation concentrates should be, and shortly will be, 
sluiced from the cars into thickening tanks, from which they will be delivered into the 
sintering flow sheet directly from filters, feeding onto belts. The filters themselves 
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- eliminate all bin troubles and facilitate mixing to a degree not now approached. This, 
I know, presupposes a considerable amount of costly equipment, but it will materially | 


aid the general smelter operations, including sampling. Since most if not all smelters 
have sources at which waste heat is available, the matter of the winter handling of 
thickening tanks is comparatively simple. 

Mr. Anderson has handled very ably the aan of mixers, disintegrators and 


feeders, and it may be said unequivocally that proper sintering demands proper mixing ~ 


beforehand. The mixing of flotation concentrates with other materials is compli- 
cated by their tendency to lump, and this tendency to lump and consolidate is quite 
disproportionately accentuated if the concentrates are binned, hence the need for 
disintegrators and other devices in the first step. The best of the mixing devices, as 
distinguished from disintegrators, so far as I know, is the rotary pug-mill mixer which 
has recently appeared. The squirrel-cage type of disintegrator is nearly standard 
where such apparatus is indicated at all. So far as feeders are concerned, and for any 
kind of material that will discharge readily from bins, the belt feeder with adjustable 
gate is the best all-round device, and for distribution on the sintering machine pote 
has yet appeared that excels the swinging spout. 

It is undoubtedly true that the present product made from flotation Sonchnttaiee 
is more friable than the product made from crude ores and gravity concentrates, which 
were less free from gangue than are the flotation concentrates. The reason for the 
present greater friability of sinter is precisely the same as for the furnaces now making 
a great deal less slag per unit of lead produced than they previously did. It was the 
presence of greater quantities of silica and other gangue materials in the older practice 
that made the sinter harder and firmer than it is at present. So again, greater produc- 
tion of lead per unit of furnace area has brought with it its more or less counterbalanc- 
ing difficulties, but the net result, of course, is a gain. 

Unfortunately, all the lead smelters of note in our country were designed and 
built before the coming of flotation concentrates, and most of the handling diffi- 
culties arise from this fact. It is safe to say that no metallurgist designing a new 
smelter at this moment would follow closely the old handling designs, when gravity 
concentrates and crude ore were the source of supply. Some of the modern smelters 
were designed after the birth of sintering, but even the older smelters had no difficulty 
in interpolating a sintering plant which became a unit of itself. 

This interpolation was in the nature of an addition to equipment. It is a different 
matter to interpolate a handling plant which involves the total or partial abandonment 
of present bin equipment, nevertheless I am strongly of the opinion that flotation 
concentrates should be handled along the lines which I have indicated and that the 


result of such handling will be reduced costs all down the line, from the reception of the 
concentrates to the finished sinter. 


H. W. Hrxon, New York, N. Y.—The plant at East Helena, while I had charge of 
it some years ago, consisted of what we called flat-top furnaces, as distinguished from 
those in which the stack goes up above the charge floor; also a goose-neck to the dust 
chamber. There seemed to be an epidemic of building flat-top furnaces. These 
furnaces get hot behind the feed thimble and the lead losses were high. The reason is 
simple when you understand it. If you feed through a thimble that is smaller than the 
shaft, there is always a spilling action toward the walls and the natural result is that 
the coarse pieces go to the wall, the fine go down in the center of the furnace and the 
blast comes up where the resistance is least and results in over fire between the wall 
and the feed thimble. We would have to take out the thimble and feed the furnace 
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car system. 
The furnaces 7 were about 20 ft., and subtracting the length of the feed thimble, the 


_ effective charge column was Bout 16. We had to smelt with 10 per cent. lead on 


the charge. - 
When charge is sintered the sinaleing is a different proposition from smelting 
unsintered ores, so I cannot say that there is any basis for comparison of the two 


_ things. One seemed to require a higher charge column than the other. We used 


blast pressures at East Helena at that time up to 40 oz. in connection with a 16-ft. 


‘smelting column, and considerable zine going into the slag. Of course we smelted 


ores in those days, losing all the zinc in the slag. It would be a metallurgical crime 
to do that now. 


C. R. Haywarp, Cambridge, Mass.—I am impressed by what has been said in 
regard to the lower height of the charges. I have been convinced from observation in 
the plants and even in running our little laboratory blast furnace that that is the 
correct way to operate blast furnaces. We naturally think that it is advisable to run 
with higher charges in order to get proper preheating, but in our little laboratory 
furnace we have found that probably lower charges will give more satisfactory results. 
This is particularly true with some high-porosity sinter that is now being produced. 


_ It is possible to get thorough reducing conditions in a short passage of the gases. 


Earlier in the meeting something was said in regard to the size of the coke. I thought 
it was generally understood now that it is desirable to have the coke in rather large 
lumps so that it will be present at the tuyeres and insure thorough reducing conditions 
right where they are needed. Small coke always burns out toward the top of the 
furnace and does not leave sufficient coke in the charge at the tuyere zone to produce 
the high temperature needed there, and the strong reducing conditions, particularly a 
large amount of CO gas starting at the tuyeres. 


R. C. Cansy, Wallingford, Conn.—The Dwight-Lloyd people had an experience 
which I had the opportunity of observing, which suggested to me the term ‘‘pre- 
digested furnace feed.’”’ That may explain the possibility of the low shaft charge. 
There is possibly more reduction in sintering than is usually supposed. This experi- 
ment was the treatment by sintering of roasted pyrite containing ferric oxide. After 
sintering, it was possible more readily to smelt it in the reverberatory furnace. 


E. L. JorcEensEN, Irvington, N. J. (written discussion).—I believe that the value 
of this kind of paper would be still greater if in addition to the data on blast pressure 
were given information about the volume of air used in terms of cubic feet per minute 
and per ton of charge as well as the dimensions of the furnaces, the percentage of coke 
and the analysis of the gas leaving the furnace. 

A recording instrument for air volume should be considered at least as important 
as the recording pressure gage on any blast furnace. It is not necessary to invest in 
any of the costly flow meters. An inexpensive standard recording differential pres- 
sure gage will do if equipped with some simple home-made safeguards. As these 
safeguards are not considered by the manufacturers, I must go into detail. 

The recording differential pressure gage is made exactly like the usual recording 
pressure gage, except that the housing of the instrument is made airtight and is fitted 
with an airtight door. By inserting a restriction or orifice in the airline, a pressure 
differential is created between the two sides of the restriction. By connecting the 
higher pressure side to the gage and the lower pressure side to the housing of the gage, 
the differential pressure corresponding to any volume for the particular size and 
shape of restriction is recorded. 

These gages are naturally designed for a much lower range than the actual pressures 
in the air mains. 
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evenly to both nig of the instrument that its range is not exceeded. If. 

ted too fast to the housing, the range below zero is exceeded and if admitted = 
the maximum range is exceeded. In either case the instrument will be damaged a 2 
must go back to the factory for repairs. Our two first attempts resulted in 1 such - ia 
failure. Therefore we designed our own safeguards against recurrence. ? 

Since the metal bellows in the gage has very small volume, the line leading to itis: 
provided with an air chamber, made of pipe, of approximately the same volume as the 
instrument housing. This chamber is located close to the gage, and serves to equalize 
the time required for the air in the bellows and the air in the housing to reach stable 
conditions when cutting the gage in or out of service. - 

Just ahead of this chamber is a cross-over line, connecting the two 14-in. pipes 
from the air main. This cross-over pipe is provided with a shut-off valve, which 
when closed renders the cross-over inoperative, and also with a blow-off valve con- 
nected in by a tee in the cross-over line. This blow-off valve may be placed either 
side of the shut-off valve. With both of these valves open, no appreciable pressure 
can reach either side of the gage, whether one or both of the main control valves. 
happen to be open. It is this feature which insures the safety of the gage mechanism. 

Just ahead of the cross-over line are the main control valves for cutting the gage in 
or out. There is one control valve in each of the two }4-in. lines that lead from the 
air main to the gage. 

When ready to cut the gage in, the shut-off valve and the blow-off valve must 
both be open, in the cross-over line, before turning on the main control valves. After 
these are on, the blow-off valve is closed first, and then the shut-off valve. This 
applies the pressure simultaneously to both sides of the bellows. When ready to cut 
the gage out, the valves may be manipulated in any of several different sequences, 
but damage to the instrument will always be prevented if opening the shut-off valve 
in the cross-over line is made the first step. As a further safeguard the instrument 
and the valves were placed in a locked cabinet to prevent unauthorized persons from 
touching the valves. 

At the Irvington Smelting & Refining Works, our air pressures may vary from 4 to 
20 oz., depending on the nature of the furnace charge and the height of the column in 
the furnace. Positive knowledge of the volume of air is invaluable to predetermined 
performance. If air volume is maintained at a predetermined amount one unknown 
factor is eliminated in diagnosing furnace trouble. 

Gas analysis is of great value in fixing the amount of coke to be used. I am 
informed that at the Murray smelter of the American Smelting and Refining Works air 
volumers are regulated by gas analyses, 15 per cent. CO being considered the best 
point. At Irvington we run 13 to 14 per cent. CO. In case of furnace trouble and 
irregularity we first of all make a gas analysis and generally we find a subnormal CO 
due to shortage of coke. If, however, the CO content of the gas is normal we can 
start to diagnose the trouble with much more certainty of guessing right. 

I believe these points of air volumes and gas analysis are the most important and 
most underestimated factors in blast-furnace operation. 

Just a few words about coke. I believe that in a high column coke will disinte- 
grate more than in a low column. The iron blast furnace and the iron foundry 
cupola both require a coke of great mechanical strength which mean an ash content of 
12 to 14 per cent., and also a low reactivity. With a low column a coke with 6 per 
cent. ash has sniieoet mechanical strength, a higher porosity and reactivity. Sub- 
stitution of the foundry coke with this low-ash coke resulted with use in a material 


saving in the cost of coke per ton of furnace charge. It also gave smoother 
furnace operation. 
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on ol lead. The fact ne they are backed by many years of experience makes their 
remarks of deep significance. 
One important point that has been brought out is with reference to the best blast 
_ pressure to be used on blast furnaces smelting sinter. Several smelters are using high 
blasts and getting good results. May not equally good results be obtained with 
lower furnace columns and lower blast pressures? The remarks of Messrs. Hayward 
and Canby are suggestive of thought in this direction. 

The Midvale and Murray smelters have done some experimental work with air 
meters. Some means of accurately measuring the amount of air being supplied each 
furnace has been the desire of nearly every progressive metallurgist. Difficulty has 
been experienced, however, in the installation of the meters on account of the fact that 
the blast mains are not generally arranged to provide for the long straight run of 
pipe that is necessary to get consistent results. At Midvale it was found that the air 

meter was not dependable because the run of pipe to it was entirely too short. Some 
day this may be corrected, and a meter may prove to be a more valuable instrument 
than it has been thus far. 

Large, strong coke is most desirable. Economic conditions have compelled the 
smelters to use the smaller, weaker by-product coke. It may be that the lead smelters 
will go through the same experiences as the iron blast furnaces. I recall visiting 
several iron furnaces in the vicinity of Chicago and Cleveland when they were just 
beginning to use by-product coke. The men in charge of those furnaces at that time 
were outspoken in their objections to the kind of coke they had to use. A few years 
later nothing was heard of the difficulties occasioned by this. coke, and upon inquiry I 
learned that they had become used to the coke, learned how to handle it, and were 


getting along well. It may be that lower charge columns and lower blast pressure will 


aid in smelting with smaller, weaker coke. 


Lead Alloys for Anodes 1 in Electrolytic Production of Zine. | 
High Purity 


By U. C. Tarnron,* A. G. Taytor* anp H. P. Euruincer,* Keiioce, IpAno | ha 


(New York Meeting, February, 1929) 


For the last 15 years lead has been the standard material for anodes | 
in electrolytic zinc production and it has been generally accepted that 
this lead should be as free as possible from impurities. Laist! says, 
‘Next in importance to the purity of solution is the purity of the elec- 
trodes and tank lining material. The purest lead obtainable should 
be used for anodes.’’ The same conclusion is expressed by Ingalls? and 
by two German investigators who say that experiments have demon- 


. strated that the purer the lead, the greater is its resistance to corrosion 


during electrolysis.® 

Pure lead, however, while the best material hitherto available for 
anodes, is not entirely free from objection. The plain lead anode 
gradually disintegrates under electrolysis, so that the life of an anode, 
say 14 in. thick, is frequently not more than two years. Part of the lead 
from the anode finds its way to the cathode, lowering the purity of 
the deposited zinc and decreasing the hydrogen overvoltage. The rest 
of the lead that comes from the disintegration of the anode goes into 
the manganese dioxide which is precipitated in the cells, rendering 
unsaleable what might otherwise be a valuable by-product. Yet a 
further disadvantage of plain lead anodes comes from their tendency to 
bend or buckle during electrolysis, as a result of intercrystalline oxi- 
dation. This makes it necessary to use a fairly wide spacing between 
anode and cathode to avoid short circuits, and thus leads to a higher 
power consumption than would otherwise be necessary. The power 
consumption is also affected by the high decomposition voltage at a 
lead peroxide surface. 


* Metallurgist, Bunker Hill & Sullivan Mining & Concentrating Co. 

1F, Laist and R. B. Caples: The Electrolytic Zine Process. Handbook of Non- 
ferrous Metallurgy (Liddell). New York, 1926. McGraw-Hill Book Co. 

*W. R. Ingalls: Metallurgy of Lead. Handbook of Chemical Engineering 
(Liddell). New York, 1922. McGraw-Hill Book’ Co. 

3H. Hock and F, Klawitter: Uber das Verhalten von Bleianoden bei der Zink 
sulfatelektrolyse. Metal und Erz (1925) 22, 377. Abst. in Chem. Absts. (1926) 3648 
and in Chem. Zentr. (1925) 96, 1784. 
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= of sina meet hitris 1 by the use of lead alloys instead of pure lead. This 
_ idea was based upon an earlier observation of one of the authors to the 
effect that antimonial lead anodes are more resistant to attack than are 
_ pure lead anodes when used in certain special types of cell employed for 


electrolysis of cyanide solutions. The work also owes much to the 
inspiration of the excellent results achieved by Dr. Colin G. Fink and 
his co-workers in the development of the copper-silicon-manganese anode 
for the production of electrolytic copper. It was hoped that by com- 
bining other elements with lead it would be possible to produce an anode 


more resistant to corrosion and having a lower decomposition voltage. 


ALLOYS INVESTIGATED AND METHOD oF TESTING 


We decided to concentrate attention on metals that could be made 
to alloy easily with lead and particularly those that formed more than 
one oxide. Investigations were made of lead alloyed with the following 
elements, either singly or in combination: arsenic, antimony, bartum, 
bismuth, calcium, cerium, copper, mercury, silver, thallium, tin. 

The tests were designed to reproduce practical conditions as closely 
as possible. Six small cells of 12-liter capacity, similar in all respects, 
were made up from sheet lead and arranged for connection in series. In 
these were placed grooved frames of hard rubber holding anodes and 
cathodes at fixed spacing. The cathodes were of commercial aluminum 
sheet, 1g in. thick, having a total immersed area of 20 sq. in. The 
anodes were sheets 1g in. thick, cast or rolled from the alloy under 
investigation, and were drilled with 14-in. holes to duplicate our usual 
practice. The solution was made up by dissolving an excess of electro- 
lytic zine in pure sulfuric acid and precipitating out traces of iron with 
zine oxide and permanganate. Manganese sulfate was added to give 
a manganese content of 5 g. per liter. 

Electrolysis was carried out at our usual current denelty of 100 amp. 
per sq. ft. and a free acid concentration of 220 to 300 g. per liter of 
H.SO,. Air lifts were provided for circulating the solution and water- 
cooled lead coils for control of temperature. Conditions during electroly- 


sis were kept as uniform as possible in all cells, the aim being to have the 


composition of the anode the only different factor. 

Deposits were stripped at regular intervals, usually 12 hr. Electro- 
lyte was withdrawn as required and replaced by neutral solution to 
maintain the proper acid and zine concentration. The factors deter- 
mined were: current efficiency, terminal voltage, character of zinc 
deposit, amount of lead in zinc, amount of lead in manganese dioxide 
precipitate. These were compared with a standard cell containing pure 
lead anodes and each test was continued until definite indication had 
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It was pa Y= that i in ain out the tests in this way 
dealing with a complicated set of interdependent factors and . ng 
confining the equation to one variable. For instance, in cells Navies <7 


different anodes the manganese in the solution will be preempianea ator 


on the anode to a greater or less extent, perhaps changing the ohmic a 
resistance, almost certainly affecting the oxygen overvoltage. Also, as” 


the manganese is precipitated, sulfuric acid is set free and the ratio of — y 


zine to acid in the different cells will change. Again, the addition agents, 
such as glue, in the electrolyte will be adsorbed or chemically changed 
to a variable extent by the precipitation of the manganese dioxide and ~ 
the nascent oxygen or ozone from the anode. This changes the surface 
tension of the solution, which governs the adhesion of the hydrogen 


_ bubble to the cathode surface and thus largely controls the smoothness 


of the deposit. This in turn varies the cathodic current density, and 
so on. ay 
Because it is not possible in commercial work to isolate these different 
effects, the test conditions were chosen to reproduce the requirements 
of actual practice. The object was to determine the final result rather 


than the means by which it was attained. There remains a wide and 


interesting field of investigation in the development of the theory to 
‘cover the facts here presented. 


AtLoy ApoprpTED FoR Uss 


' Within the compass of this paper it is not possible to present more 


‘than a few of the voluminous data that have been accumulated in this 


investigation. While a number of the alloys showed advantages over 
plain lead, there was one so outstandingly superior that, as soon as it 
was found, special attention was concentrated on it, leading eventually 
to its adoption in the large plant. This was Pb-Ag series containing 
no free silver; 7. e., at or below the eutectic of 2.6 per cent. Ag. The 
account will be confined to this particular alloy and the result of the 
tests on the other alloys will be presented at a later date. 

In commencing the work arbitrary selection was made as to composi- 
tion of alloy in the light of economic and other factors. . We will describe. 
the results from the alloy made up to represent 1 per cent. Ag and 99 
per cent. Pb. 

In the tabulated results (Tables 1 to 5) current density is, in all 
cases, 100 amp. per sq. ft.; acid range, 220 to 300 g. per liter H.SO,; 
electrode spacing, 1.25 in., face of anode to face of cathode unless other- 


wise stated; voltage readings every 30 min.; deposits stripped every 12 
hr., sometimes every 24 hr. 


All figures are averages obtained in 6 to 20 _ 
days’ continuous operation. 


© 1.—Record of First Fortnight’s Work — 


¥ , eran] Addition _| Current | Leadin | Lead in Character of 
tT? Voltage _ Agent Efficiency Mn0O2z Zine Deposit 
ey rie. First Week’s Operation ‘ 
_ ‘Standard anode,| 3.77 | Glue3lb. | 86.15 | 18.5. | 0.055 | Normal, . 
_ tolled lead, per ton Zn - | smooth 
99.99% Pb. 
Test anode, 1%| 3.65 Glue 3-1b. | 83.5 2.1 | 0.009 | Rather dark, ' 
Ag, 99% Pb. per ton Zn cratered 4 
- Second Week’s Operation ‘ 
7 
= Standard anode,| 3.82 Glue 3 lb. | 85.9 24.5 |. 0:081 | Normal, 
. rolled lead, per ton Zn smooth 
99.99% Pb. . —e > ie 
Test anode, 1%} 3.63 Glue 3 lb. 82.2 1.42 0.003 | Cratered 


Ag, 99% Pb. : per ton Zn 


The indications in Table 1 are definite. Wehaveanalloy anode inferior 
(under these conditions) in point of current efficiency to the plain lead 
anode, but superior in point of terminal voltage and resistance to attack. 

_ Examination under the microscope of the two anodes showed that the 
oxidation of the plain lead anode had proceeded to an appreciable 
depth while the silver-lead anode was practically untouched. This at 
once suggested that with this alloy buckling under electrolysis would be 
done away with and it would therefore become possible to use a closer 
spacing. ‘Table 2 shows the result of closing the current gap to 5¢ inch. 


TABLE 2.—Results with Closer Electrode Spacing 


Terminal Addition Current Lead in Lead in Character of 
Voltage Agent Efficiency Mn0O2 Zine Deposit 
Standard anode,| 3.7 Glue 3 lb. | 85.0 26.0 0.057 | Smooth, 
rolled lead, per ton Zn normal 
99.99% Pb. 
Test anode, 1%| 3.32 Glue 3 lb. 81.8 Li %2 0.002) Cratered 
Ag 99% Pb. per ton Zn : 
Spacing 5 in. 
face to face. 


Here we have a very low terminal voltage for the alloy anode; still 
the cathode current efficiency is below normal. Evidently the alloy 
anode in some way changes the solution. In this case there was little 
difference between the cells in concentration of zinc, acid, and manganese. 
However, there was considerable difference in the nature of the cathodes: 
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In confirmation of this it may be mentioned that if the alloy anodes are 
used for the electrolysis of zinc solution free from manganese an unusually — 
large amount of ozone is given off. Ozone, of course, rapidly oxidizes 


most organic compounds. 

These considerations led to the idea of substituting for glue colloids 
which would not be decomposed. The first one tried was silicic acid, 
which was added to the solution in amounts corresponding to 2 lb. of 


soluble SiO. per ton of zinc deposited. Results are shown in Table 3. — 


(Note that the standard cell has now become lead-silver alloy.) 


TaBLe 3.—Results with Silicie Acid as Addition Agent 


Terminal Addition Current Lead in Lead in Character of 


Voltage Agent Efficiency MnO: ine Deposit 
Standard anode,| 3.71 | Glue3lb. | 82.1 | 2.18 | 0.0005 | Rough, 
99% Pb, 1% per ton Zn cratered 
Ag. ; 
Test anode, 99% | 3.66 H.SiO; 89.2 1.79 0.0002 | Smooth, 
Pb, 1% Ag. © 2 lb. per bright 
ton Zn 
Standard anode,| 3.64 SiO» 2 lb. 85.7 0.6 0.0035 | Smooth, 
99% Pb, 1% per ton Zn bright 
Ag. 
Test anode, 99% | 3.625 | SiOe 4 lb. 84.8 eat 0.0047 | Smooth, 
Pb, 1% Ag. per ton Zn bright 
Test anode, 99% | 3.59 SiO» 6 lb. 85.2 1.4 0.0062 | Exception- 
Pb, 1% Ag. per ton Zn ally smooth 


Finding that the silicic acid addition evidently corrected the trouble with 
regard to the adhesion of the hydrogen bubbles to the zine deposit, tests 
were made to determine what amount would represent the best quantity 
under these particular conditions. Results are shown also in Table 3. 

On the basis of these results, it was decided to install the 1 per cent. 
silver-lead anodes in the cells of the test plant in place of the plain lead 
anodes previously used. Each cell in the test plant contained two 
cathodes taking 400 amp. each, so that results obtained there could be 
directly translated into large-scale’ practice. On account of the non- 
buckling property of the alloy, the anodes were set much closer to the 
cathodes than before. The previous spacing of 114 in. was reduced to 
2g in. Silicie acid was added to the solution, as had been done in the 
small cells. 
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S, cells. The average voltage dropped from 3.7 to 3. 4, oceasionally going as 


sgt The Marge tale operation fully confirmed the findings of the email : 


low as 3.2. The zine deposit began to show compliers absence of lead 
when tested by the methods hitherto used. The zine became, as time 
went on, more and more difficult to dissolve in acids so that eventually 
even the solution of the sample in hydrochloric acid for cadmium deter- 
mination took upwards of a week. ‘ 

Tests were made with alloys containing greater amounts of silver, up 
to as much as 25 per cent. It was not, of course, expected that use of 
anodes cast of this alloy would be practicable in large-scale work; the 
expense would be excessive. The idea was that we might form a thin 
layer of high-silver alloy on each side of a plain or hard lead base, either 
by rolling a billet made up in this way or by plating a layer of silver on 
the lead and causing it to alloy with the lead by heating. However, in 
all cases where the quantity of silver exceeded the eutectic of 2.6 per cent. 
the zine deposits showed lowered efficiency and sometimes serious 
re-solution. Frequently it was impossible to get any deposit after the 
first hour or so. Evidently the free silver from the alloy dissolves in 
the electrolyte and acts towards the zinc deposit in the same way as 
would any other noble metal. 

At or below the eutectic point this effect is not strongly noticeable. 


~ However, the extra cost of increasing the silver content above 1 per cent. 


does not appear to be justified by commensurate returns in power 
economy and quality of zinc, except possibly under special conditions. 
The alloy below 1 per cent. silver appears to disintegrate a little more 
rapidly and to increase the amount of lead in the deposits. A proper test 
of such a point requires several months of continuous running and the 
investigations are still proceeding. 


Errect oF VARIOUS ADDITION AGENTS 


After some time the zine deposited in the test plant from the anodes 
containing 1 per cent. silver and with only silicic acid as addition agent 
began to show considerable re-solution and loss of efficiency. Exami- 
nation disclosed the fact that the deposit was slightly porous and that 
the acid was finding its way behind the deposit and corroding it from 
the starting sheet side. To remedy this we tried the addition of an 
organic colloid, gum arabic, which we knew from past experience would 
remedy this particular condition of porosity. It had the desired effect 
and since then it has been our practice to associate with the silicic acid 
agent a small quantity of an organic colloid, which renders the cell more 
stable in case of impurities in the electrolyte. 

Several organic colloids were tested in the small cells, such as starch, 
gum tragacanth, gum catechu, and agar agar. With the exception of 


yiee ‘the itacste of can arabic 


some other addition agents, for comp 
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The results in Table 4, as also tan Eben eee ables, 1 
obtained with solution derived from the feaohing of ores” in the 
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TaBLe 4.—Tests with Vanes Addition Deeks 
Test Anode, 1 per cent. Ag, 99 per cent. Pb 


yore | Agate | Saran, |tanain soos] Lea in ne | pa 
3.57 _ SiO», 2 Ib., | 80.5 1.5 0.0055 — Gray, slightly 
gum arabic, 1 cratered 
Ib. per ton Zn 
3.54 SiOe, 2lb., | 83.0 1.4 0.0056_ Gray, fairly 
gum arabic, 2 ; smooth 
Ib. per ton Zn 
3.52 SiOs, 2 Ib., 81.0 1.5 0.0056 — Gray, fairly 
gum arabic, 4 smooth 
Ib. per ton Zn 
3.61 SiOs, 2 lb., 86.0 Not deter- | Not deter- Smooth, bright 
gum arabic, 2 | ° mined mined | 
Ib. per ton Zn-| 
3.62 SiOs, 2 Ib., SY iey ¢ Not deter- | Not deter- | Dull, extreme- 
agar, 0.5 Ib. mined mined ly tough 
per ton Zn | ; 
3.74 SiOs, 2 lb., 78.0 "Not deter- | Not deter- | Dark, cratered 
glue, 3 lb. per mined mined | 
ton Zn | . 


plant. This is probably responsible for the rather erratic current 
efficiency figures when different tables are compared. However, since 
the same solution was used for each individual set of tests the results 
are comparable among themselves. 

Because there were other more pressing matters to be attended to, 
the testing of addition agents was not carried further, but a standard 
of 2 Ib. SiOz and 2 lb. gum arabic was selected and used continuously in 
the test plant. As continuous operation and steady conditions were 
more easily obtained in the larger plant, the current efficiency and voltage 
figures were considerably better than in the test cells. The average 
figures for terminal voltage and current efficiency in the large cells over 
one month’s operation under these conditions were as follows: terminal 


voltage, 3.37; current efficiency, 91.5; lead in zine, 0.004 per cent. These: 


conditions were selected for use in starting up the large plant, which 
has recently gone into commission. 


a 


ag 


7 
® 


ause of indicatio ns 1s ob pained from wie with see Miioee bce 7 
fiat with ternary alloys of lead, silver, and another metal. Com- _ 


E tions were made of lead with silver-tin, silver-copper, silver-mercury, 
silver-arsenic, and silver-thallium. We are still investigating the 
_ matter. There appears to be some advantage in the lead-silver-arsenie 
and the lead-silver-tin combinations (Table 5). The lead-silver-tin 
fe ivtied give exceptionally smooth deposits with consequent high efficiency 
while the lead-silver-arsenic anodes put very little lead in the zine - and 


_ ‘manganese dioxide. 


TABLE 5.—Tests with Different Anodes 


. Terminal 
Voltage 


Lead in Lead in 
MnOz Zine 


Addition 
Agent 


Current 
E 


Standard paces 3.61 | SiOz, 2 Ib., | 86.4 0.26 | 0.0007 | Normal, 


1% Ag, 99% gum arabic, slightly 
iejee 2 Ib. per ton | cratered 
} Zn . 

Test anode, 1%| 3.57 | SiOx, 2lb,| 87.6 0.18 | 0.0005 | Exception- 
Ag, 0.5% Sn, gum arabic, | ally smooth, 
98.5% Pb. | 2b. per ton | satin sheen 

Zn 
"Test anode, 1%| 3.60 | SiOz, 2Ib,| 85.8 0.06 0.0003 | Dull, slightly 
Ag, 0.2% As, gum arabic, | ) cratered 
98.8% Pb. | 2Ib. per ton’ 
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OPERATION OF LARGE PLANT 


In the construction of the large plant, the anodes were made of an 
alloy containing 1 per cent. silver and a small quantity of arsenic. This 
alloy is considerably harder than plain lead and therefore better resists 
mechanical handling. The spacing was 34 in. from face of anode to 
face of cathode. Anodes were cast }g in. thick, with holes, so that 
40 per cent. of the area was removed. Two of these anodes are used 
between each pair of cathodes, the cathodes being 4 in. apart, center to 
center. So close a spacing would not have been practicable with single 
plate anodes, as the volume of the solution between the electrodes would 
have been insufficient to supply the zine required at the cathode without 
extremely rapid circulation. With the construction described, however, 
the volume of solution undergoing electrolysis between each pair of 
cathodes is no less than usual and it can freely circulate through openings 
in the anodes. Arrangements are provided in the cells for maintaining 
proper parallelism of all electrode faces, so as to insure uniform distri- 
bution of current density. The voltage in the large plant has averaged 


2 35 volts per a oodaataus W 
acid concentration. The curren efficiency ee cong 
start owing to irregularities in the supply of neutral solution, the 
being around 87 per cent. and occasionally reaching 94 per cent. 
are still being continued to determine whether any better combination Ay 
of addition agents can be found. oN 
In the matter of purity of zinc, the operation of the large plant rag See 
exceeded the expectations entertained as a result of the small tests. 
; Analysis by Ledoux & Co., over an average sample of zine produced : 
rl during one month’s ypecbin shows the following: cadmium, 0.0005 
Z per cent.; lead, 0.0015; copper, 0.0008; iron, 0.0004; zinc, by difference, _ 
99.9968 per cent. Metals other than cadmium, lead, copper, and iron 
i: not found. 
It is perhaps only fair to say that our own analysis over the same 
period shows a somewhat lower purity, namely 99.994 per cent., and this 
is illustrative of the extreme difficulty attaching to accurate determina- 
tions of minute amounts of impurities, especially cadmium. 
The properties of metal of this degree of purity are quite surprisingly 
different from those of ordinary high-grade zine. It is very malleable 
and can be rolled indefinitely without annealing. It can be beaten out 
into extremely thin sheets like gold leaf—as thin as one sixteen thousandth 
ofaninch. Itcan be put through drawing, stamping, and extrusion opera- 
tions of a severity hitherto beyond the range of commercial zinc metal. It 
is almost unaffected by sulfuric acid and only slowly by hydrochloric. It 
possesses great resistance to atmospheric oxidation and if not exposed 
to electrolytes appears to keep bright indefinitely. It is finding a market 
among manufacturers of brass, zinc-alloy die castings, and stamped prod- 
ucts, and in these fields is producing results not heretofore attained. 


DISCUSSION 


C. 8. Wirnereti, New York, N. Y.—Mr. Tainton, relative to your electrolytic 
zinc of exceptional purity, will you kindly tell us something about its resistance to 
corrosion and about the difficulty of dissolving it in sulfuric acid? 


U. C. Tarnton.—When we were making electrolytic zine about five years ago we 
used to make some determinations by dissolving the zinc in sulfuric acid, but after 
we began to use the lead-silver anodes, the solution in sulfuric acid got slower and 
slower until finally it took about a month, so we had to give up that method. We 
then went to solution in hydrochloric acid, but as the zine got purer, that test began 
to take from several days to a week to dissolve thesample. Now we use nitric acid 
entirely for the solution of the zinc. The slow rate of acid attack is an important point 
because the electrolytic operation is sometimes subject to power interruption. In the 
old days, it was considered necessary to get the cathodes out of the solution cells as 
soon as the power went off and it was exceedingly difficult sometimes. With this pure 
metal, there seems to be no tendency to redissolve; we have had power interruptions 
as long as 3 hr. without any trouble at all. 
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of silver have such an effect on the reduction of the single potential of the anode? | 


_ U.C. Tatnton.—The reduction in terminal voltage was observed in cells that are 
identical in every respect except in composition of the anode. We did not make any 
direct determinations of the potential of the different electrodes because, for reasons 


that I have mentioned in the paper, the changing of any one variable affects so 


many other variables that it is almost impossible to isolate the different factors. We 
were concerned in this work with the development of a practical operation and we had 
to meet certain conditions as regards the composition of solution, so we governed our 
tests purely from that standpoint. 


O. P. Warts, Madison, Wis. (written discussion).—The electrolytic recovery of 
zine is an excellent illustration of the usual time lag between the discovery of some 
law of nature and its application in industry. The variation in the potential necessary 
for the deposition of hydrogen on different metals was known many years before its 
application to electrolytic zinc recovery made this process a commercial possibility. 
It was only when zinc solutions were freed from metals on which the discharge potential 
of hydrogen is less than the potential of zinc that deposition of zine from moderately 
acid solutions became possible. The next forward step was the demonstration of the 
possibility of depositing zinc from highly acid solutions, even more acid than is used 
for refining copper, which was accomplished by the combination of extremely high 
current density with the use of an addition agent. This combination results in 


~ covering with zinc those traces of other metals which are still contained in the electro- 


lyte after the customary purification, which are deposited along with the zinc, and at 
lower current density serve as points on which hydrogen is liberated instead of zinc. 

It has long been known that the discharge potential of oxygen, like that of hydro- 
gen, varies on different metals, but it has remained for Mr. Tainton to apply this prin- 
ciple usefully in lowering the polarization at insoluble anodes. This is an important 
improvement in the electrolytic recovery of metals from solution, though unfortun- 
ately its scope is limited by the solubility of most metals as anode. 


C. G. Fink, New York, N. Y. (written discussion).—In connection with the use 
of silver-lead alloy anodes I should like to refer to our exhaustive tests carried out six 
years ago at Columbia University. 


U. C. Tarnton (written discussion)—The reduction in terminal voltage, as 
Professor Hanley has said, is important technically. I am keenly aware that the 
field has been barely touched upon in this paper. In addition to the extensive 
possibilities which remain in regard to other alloys, which we are still investigating, 
there is also the alternative method of securing lower voltage by the addition of the 
other elements to the solution. We have already obtained some interesting results 
in this field and hope to develop something commercially useful. 

We have to disclaim the priority with which Professor Watts is good enough to 
credit us in regard to the general idea of lowering anode voltages by the use of other 
metals. As acknowledged in the paper, the first use of this scheme in metallurgy was 
by Dr. Fink and his associates in the application of the “Chilex” copper-silicon anode. 


4Trans. Amer. Electrochem Soc. (1924) 46, 349; ibid. (1926) 49, 85. Also U 
S. Patent. 
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and technically. When additional agents are added, they have some effect either on 
_ the cathodic voltages, and anodic voltage or the ohmic resistance. Did the addition 
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0.C. Bee Clarkdale, Ariz. omnia discnstion). —This paper has been exe 
ingly interesting to me because two years ago I decided to take up the same project; 
namely, to work out an improved anode for an electrolytic zine plant. While investi- 
gating the situation, I learned that Mr. Tainton had already had considerable success. 

The authors stress the purity of their electrolytic zinc but have not discussed very 
much the point which was of greater interest to me; namely, the possibility of produc- 
ing so-called chemical-grade manganese dioxide at the anodes for the benefit of the 
dry-cell manufacturers. pe 

Chemical-grade manganese ore sells at $70 to $80 per ton for ore of 82 to 87 per 
cent. MnO: content. Some of the dry-cell manufacturers use chemical-grade ore on 
this type without any processing and others dissolve the manganese and prepare 
precipitated higher oxides of greater purity, so that the net cost of reasonably pure 


MnO, precipitate is usually over 5 cents per pound. Therefore, if MnOz can be 


precipitated on the anode with such an analysis and physical properties as to be 
acceptable to the dry-cell manufacturers, it would be worth almost as much per pound 
as is the zinc deposited simultaneously at the cathode. 

The usual MnO; precipitate on the anodes of electrolytic zinc plants which operate 
with ordinary lead anodes contains from 5 to 20 per cent. of lead, probably as lead per- 
oxide. This lead makes the MnO, precipitate unsuitable for battery manufacture, 
for the reason that it seems to spoil the shelf life of the dry batteries. The low corro- 
sion of Mr. Tainton’s alloy anodes suggests that his precipitate has either already met 
the specification of battery manufacturers or is approaching it. If not already satis- 
factory, apparently a joint research with one of the larger dry-cell manufacturers would 
be justified. 

Tam informed that the premium on the specially pure zinc manufactured at Kellogg 
is about $25 per ton, or 1.25c¢. perlb. zine. One can look for only 1 Ib. MnO; for every 
10 lb. of electrolytic zinc under present known methods of operating the electrolytic 
zinc cell. Anode efficiency in precipitating MnO. is low. However, this would 
correspond to a further increase of about 10 per cent. in the economic output of the 
electrolytic zine cell and is well worth consideration. The special introduction of 
manganese into electrolytic zine plant solutions for the purpose of heavier production 
of MnO, introduces certain problems in operation which are not insurmountable. 
It would mean a more rapid generation of sulfuric acid during the depletion of the 
electrolyte in zinc, but for such a contingency as this the Tainton process of elec rere 
is well adapted. 

At the time of my investigation of the market for chemical-grade manganese ore, 
it was sufficiently large to justify at least one large electrolytic zine plant going into 
the business on the ratio of 1 Ib. MnO, for every 10 lb. zine produced. 

The alloyed anodes described in this paper are definitely a marked step in advance 
of electrolytic zine practice and I have tried to point out that full advantage of these 
anodes has not yet been taken. 
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High-zine Slags in Australia 


By Partie 8. Mors, Brooxuine, Mass. 


(New York Meeting, February, 1929) 


Tue Australian lead-smelting plants began to use charges carrying 
high zine percentages somewhat earlier than was common with American 
plants. When lead smelting first started in Australia the immense 
deposits of oxidized lead at Broken Hill were available but later these 
oxidized ores became exhausted and were replaced by sulfides. This 
was before the days of flotation and these sulfides when concentrated 
carried about 1 per cent. of zinc to 6 per cent. of lead. 

The works of the Sulphide Corpn. at Cockle Creek was perhaps the 
pioneer in high-zine slags but the Port Pirie plant of the Proprietary 
Co. was a close and very able second and has continued the work to the 
present time. The Cockle Creek lead furnaces remained in operation 
until shortly after the war when most of the Broken Hill companies 


- combined and took over the Port Pirie plant to treat their concentrates. 


As it was the practice both at Cockle Creek and Port Pirie to carry 
20 per cent. or more of lead on the charge, it was found that under these 
conditions of large amounts of zinc in the charge, good roasting was 
absolutely necessary and matte production was unwise. The Hunting- 
ton-Heberlein system of roasting was introduced and later the Dwight 
& Lloyd process. In this way, by roasting the sulfide portions of the 
charge as thoroughly as possible and making no matte, a method of 
smelting was developed where the slag over long periods carried as high 
as 20 per cent. ZnO without serious furnace troubles, and slags carrying 
even up to 33 per cent. ZnO have been reported. 

The zinc slags were not very different in appearance from the ordinary 
slags produced in American practice except that they gave off more 
smoke and fume on tapping. The slag usually ran hot and freely, 
coming from the tap in a full stream. Normally there was little crust 
on the sides of the furnace and the tuyeres gave no trouble though they 
were always rather dark. 

At the works of the Sulphide Corpn. it was the custom, on account of 
the labor situation, to shut down the furnaces during the Christmas 
holidays, thus giving a campaign of about 12 months. The furnaces at 
the end of the run usually showed no crust on the sides, though crusts 
always occurred at the back and front ends. A furnace campaign of 
22 to 23 months has been made at this plant where both sides of the 
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of ae ne is fee zinc ate aoe ‘ D 
usually remained quite hot, smoking when oped: “The ae ho 
ever, often became choked with copper dross and required consté : 
attention. The bullion contained a large amount of dross in which was 
- practically all the copper on the charge. This dross was removed from 
the lead in a softening furnace and later made into a low-grade copper 
matte and then concentrated. ; 
In calculating these high-zinc slags it was the practice to cut the 
lime and silica as the zinc increased. Iron was from the first recognized 
as a carrier of the zinc. A typical slag made at the Cockle Creek works 
(February, 1903) was as follows: 


: : CaO, |FeO and MnO,|_ ZnO, ALO Mg0,- = Beep ee 
- SiOz, Per Cent-| per Cent. Poi Cent. Per Cent. | Per cone Per Cent. | Per Cent. | Per Cent. 
, é 
r 22.0 | 13.0 | 6 bins) | 14.5 | 8.02 | 4.02 | 3.02 | 1-2 
- 2 Approximate. a 


The lead content of this particular slag is unusually low, the average 
being over 1.5 per cent. (wet determination). 

The slags at the Port Pirie works commonly carried less iron than 
those at Cockle Creek. Typical slags at the Port Pirie works are 
given below: 


| (1) 1918* | (2) 1922+ (3) 1922¢ (4) 1927§ 
oO Pyh eC inane Naor hc ono. 23.4 20.7 18.4 22.3 
HeOwper cont « succes htcsee cues 28.0 20.3 
MnO per cent an cmcaey< state ia 4.5 Dek pice 
CaO: per'centi®: 1. ante ees 12.2 11.6 8.9 
MgO. per contin «saci cts ere Trace 2.0 | ge 
AYO3; per cent cee aan 5.0 6.2 6.3 
20), DER GONG,» iaidieues bantedend 20.1 20.9 33.3 21.8 
SEDOL CON by wsuuous csp conven mae 2.5 Ziad, 2.1 
(CU pDeM COM tr ia cosoctermasc tress 0.19 
ASPEN CONG .Wr. nannies eee 0.02 
DD WDOL CON Leh. anse hee rs. reese ee 0.05 
Cl tper' cont: ccc ea eran eige 0.077 
Eb percent. cevctanmtenete ian hes 


* Private communication from Gilbert Rigg (1918). 

+ Proc. Australian Inst. Min & Met. Engr., No. 47, 173. Slag stated to be an 
average over half-yearly period. : 

t Ibid., 173. 

§ Outline of Mining and Metallurgical Practice in Australia. Paper read at 
Second Empire Mining & Metallurgical Congress, Montreal (August, 1927) 44. 
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ty Dn atenlian zine slags are been nee marked by high sulfur and 
: ‘While low lead determinations were at times reported, 
a normal high-zine slag at the Sulphide Corpn. Works carried 114 per 
cent. or more lead, as determined by wet methods, and the Port Pirie 


slags were believed to carry about the same amount. The sulfur contents — 


of slag at the Sulphide Corpn. Works were from 2 per cent. upward, and 
almost invariably as the sulfur contents increased, the lead percentage 
increased, though more slowly. It was found that age carrying as high 
as 314 per cent. sulfur or even 4 per cent. ran well and did not crust the 
furnace appreciably, but when the percentages of sulfur rose to more 


than this amount the presence of the familiar zinc mush, which most lead | 


smelters have known to their sorrow, made itself felt and furnace troubles 
began. This zinc mush, from analyses made of the small particles that 
floated on the slag pots, gave analyses of 8 to 15 per cent. lead and about 
the same range for zinc; sometimes the zine was higher than the lead 
and sometimes lower. The balance of the mush seemed to be iron and 
sulfur. Port Pirie has reported a mush or surface matte carrying 
Pb, 7.8; Zn, 8.6; FeO, 45.4, and S, 15.2 per cent., with small quantities 
of SiO2.CaO and other slag-forming materials. 

Some of the characteristics of this surface matte would indicate that 
perhaps it was formed after tapping but the sulfide of zinc was present 

_in the furnace and it is this that caused difficulties. Any oxide of zine 
seemed to be easily taken care of in the slag. The Huntington-Heberlein 
process produced in the roasting a good deal of sulfate and the fumes 
from the top of the furnace showed that there was a good reaction 
between lead sulfates and lead sulfides above the smelting zone. In fact, 
it was often the custom to add small amounts of any lead sulfide that 
was free from zinc, unroasted, to the charge, with satisfactory results 
and of course without producing any matte. 

The question of the action of zinc in the furnace and of its combination 
in the slag has always been an important one to all lead smelters. So 
far as the writer knows, no definite proof has been adduced as to how it 
actually is combined in the slag. It would seem reasonable to suppose, 
however, that most of the unoxidized zinc in the charge, if no matte is 
produced, passes through as a zinc sulfide or subsulfide and dissolves in 
the slag. The oxidized portion of the zine probably takes the form of a 
spinel. Spinels are well-known constituents of slags and have been rec- 
ognized in blast-furnace work. ZnO.Fe20; forms readily even at the tem- 
perature of roasting furnaces. In lead blast-furnace work, especially in 
those furnaces where high pressures are used, some of the more reduced 
forms of zinc-iron spinels which are known to exist may be formed. If 
much alumina is present in the charge, one would expect the formation first 
of a zinc-alumina spinel, the balance of the zinc forming a zinc-iron spinel. 
These reactions would of course be modified by large quantities of other 


ee 


: bo re 
betients on the charge, as for 
can Smelting & Refining Co. 
large quantities are present, either in ‘the furnace or after. tar 


form a magnesia-alumina spinel. 


Tf we try to apply these theories of slag combination to the peste a eg 
Port Pirie slags given here we should have to assume a more acid iron- — 


lime silicate than is usually considered advisable, but if on slag 1 we take 


a bisilicate ratio of about SiO., 100; FeO, 52; CaO, 52, we should get a = 


combination something as follows: 


~ 


_ [Rercentage| gio, | FeO, CaO, ZnO, Al:Os, 
Peed Ae, Per Canes Per Cent. Per Cent. | Per Cent, | Per Cent. 
Hip loan ania 47.8 | 23.4 | 12.2 | 12.2 
ASAE 6 parent ee SGSG 26) Way 
TnOBe,© gre een ers 35.6 21.2 12.0 , 
92.4 23.4 1 338.4 12.2 16.0 5.0 


This would leave 1 per cent. of FeO, 4.1 per cent. ZnO and 1.5 per cent. 
Pb to combine with the 2.5 per cent. sulfur. 

With all of the other types of Port Pirie slags, as published, the 
percentage of lead is not given, but slags 2 and 4 are subject to an analysis 
similar to the above-suggested combinations. For the very curious slag 
3, carrying 33.3 per cent. ZnO, neither the sulfur nor the alumina is given 
though a note states that the sulfur in these slags is usually 3 per cent. 
With the data given it seems impossible to fit it into the theory suggested 


here unless we suppose a large percentage of S and that most of the 


zine appears in the slag as the equivalent of a subsulfide. 


DISCUSSION 


R. C. Cansy, Wallingford, Conn.—In regard to the alumina spinel, I had an 
experience when I was assistant superintendent at the Arkansas Valley smelter. The 
superintendent had gone away and the furnaces were in very bad condition on account 
of excessive zinc. I put on the charge, using the insoluble residue as the silica in an 
ore the insoluble of which was very high alumina. The slag looked like about a 35 
per cent. silica. The analysis showed only 28 per cent. The furnaces were seen in 
good condition. Itmakes me wonder whether this reference of Morse’s to the alumina 
spinel may in a way account for that result. 

Alumina slags seem to have good judgment. When alumina is needed as a base, 
it acts as a base, and when it is needed as an acid, it acts as an acid. Subsequently, 
under similar conditions I would put on a charge of alumina ore and very rapidly 
bring the furnace into good condition. 


| H. W. Hrxon, New York, N. Y. —I was employed by the Teziutlan Copper Co. in 
Mexico several years ago. The ore ran about 3 or 4 per cent. copper and about twice 
that amount of zine, all in the shape of sulfide. 
When I went there, they used two kinds of coke, one imported from Pocahontas, 
the other produced in the state of Coahuila. These two cokes differed very largely 
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ash; the Coahuila coke is produced i in by-product ovens and is in very large pieces: 
Frequently we would get a piece weighing 120r15Ib. This ore being all sulfide, when 
smelted in a blast furnace caused much trouble. The two kinds of coke behaved very 
differently in the furnace. ° The big, coarse coke made no trouble, but the fine, high- 
carbon coke made the furnace run badly. The oxidation of the sulfides in the fur- 
nace was affected by the coke. I abandoned the use of the Pocahontas and depended 
entirely on the Coahuila coke. 

Also, under certain conditions the tuyeres would remain bright and the settler of 
the furnace would be free of mush, and it would be much easier to tap the settler. 
Actually I tried to reproduce those conditions of free running, regardless of what one 
might think about the necessities of the case, and I found that running on a slag that 
was about 42 per cent. silicate, about 22 per cent. CaO and 15 or 18 per cent. FeO, 
I could get along without much difficulty and smelt more tons of ore and fewer tons ‘of 
charge, because we carried a higher percentage of ore on the charge in doing that. 

The trap in the spout from the furnace to the settler had to be removed and 
replaced by a clay dam because zinc mush would accumulate in the tap hole and close 
it, causing slag and matte to run out of the tuyeres and frequently causing a freeze up. 
When the clay dam cut down enough to allow the blast to blow out of the tap hole this 
would blow out the zinc mush and enlarge the tap hole. After a short time the blast 
would be shut off and with a supply of clay ready a new dam would be put in the 


spout and the blast turned on again. Without this practice of the clay dam in place ~ 


of a permanent trap the furnace would freeze up, no matter who was running it. 

We had a power line from the smelter to the power house, which was in a canyon 
about 6 miles away. One day this power line was struck by lightning and everything 
went down. It was customary to wait for a considerable time before tapping out the 
furnace to see whether it would be possible to put in a fuse or put back the starting 
devices and go ahead. In the meantime, the furnace would be standing, with the 
uncertainty of whether the tap hole would remain open or would close. The Mexican 
foreman was on top of the settler punching a rod in the tap hole. I was a bit nervous 
about whether the thing was going to freeze up or whether we had better tap the 
furnace out on to the floor. There had been some wood burning on top of the crust 
of the settler to keep the hole open where the slag overflowed into the granulator. 
I stepped on the place where the fire had been, and went through. I went down into 
that settler up to my knee and was immediately blown out. The gas generated by 
my shoe and my trousers blew me out of the settler. A man who was working near by 
sprinkled oil on my shoe and I walked away and got well, and I have a perfectly good 
leg in spite of having gone down in the settler. 


G. C. Sronn, New York, N. Y.—I was in Port Pirie in ’18 when they first success- 
fully ran the lead furnaces on slags high in zinc. The methods were based on experi- 
ments made by Gilbert Rigg, one of ourmembers. The first thing he did was to bury 
a pot of liquid slag in a large pile of sand so as to cool it very slowly; he then made thin 
‘sections of the slag starting at the outside of the pot and working in to the center, and 
examined them under the microscope. The outer layers did not show much but as 
they neared the center, where they had cooled more slowly, they showed three and 
sometimes four minerals very plainly. There were black octahedra which were either 
magnetite or franklinite, or both, purple octahedra of gahnite, zinc spinel (ZnO. A203), 
and a groundmass of an orthosilicate, one of the olivine group which showed up 
plainly with polarized light. In some cases a fourth mineral, which had not been 
identified, could be seen in very small quantity. 

Silicate of zinc has a relatively high melting point and a considerable difference in 
temperature between its softening and flowing point; it does not dissolve readily in 


ash and also in physical properties. The Poeahottas eoeleAight and free from — 
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Rigg based his charges on the necessity of haviue all of the zinc as a spinel re 
or franklinite) and all of the silica as an orthosilicate of CaO or MgO (SiO», 2k : 
that is, O in ZnO = 340 in Fe,0; and Al,0; and O in SiO, = O in CaO and MgO io 
and MnO, if present. With this charge he obtained uniformly excellent results, aT 
making slags containing as much as 24 per cent ZnO that worked well in every way, 
being low in lead and permitting a larger output from the furnace than ever before. 
Incidentally, it required less iron than the slags previously made, which reduced the 
cost, as iron was the most expensive flux used. 

In lead smelting the temperature is comparatively low and the veda conditions 
are weak, so that all of the bases but PbO go into the slag. I was interested to see 
whether the slags made at higher temperatures and with stronger reducing conditions 
had similar compositions. Fortunately our own work gave me records to i, 
determine this. 

In making oxide of zinc the temperatures are higher and the reducing conditions 
much stronger than in lead smelting, but the composition of the residuum (slag) is = 
similar. A franklinite residuum shows under the microscope the same structure of 
magnetite crystals in a groundmass of an orthosilicate. Ignoring the iron, which 
always forms Fe;O, and takes care of itself, if O in SiOz + 4Oin Al,O; = O in CaO, 

MgO and MnO the ZnO in the residuum will be at a minimum with any given burden 
and kind of ore. 

In making spiegel and ferromanganese the temperatures and reducing conditions 
are higher than in any other blast-furnace smelting. Here the manganese lost depends 
largely on the burden and rate of driving, being greater with high burdens and fast 
driving. For any given burden and rate of driving it is lowest when the O in SiO, + 
1420 in Al,O3; = O in CaO and MgO. If there is not enough CaO and MgO in the 
charge to satisfy this equation the slag will tend to take up enough MnO to neutralize 
the SiO, and Al,O;. This can be partly prevented by a light burden and slow driving 
which, however, are not economical. 

Some years ago, when our ore was running unusually low in Mn and high in Fe 
and we had contracts for high-grade spiegel, we kept the Mn in the cinder down to 
2 per cent. for several months. Ordinarily it is more economical to run faster with 
higher burdens and lose more Mn. 

In all cases it is necessary to base the composition of the slag on the O ratio and 
not on the percentages of the ingredients. 


G. C. Rippeit, New York, N. Y. (written discussion).—Philip Morse’s paper is 
an interesting résumé of certain facts as to high-zine slags. It would be still more 
interesting if the writer were to go a bit further into the subject and reflect the operat- 
ing conditions—strenuous abnormalities of smelting procedure—that permitted these 
(at the time) extraordinary zinc slag burdens. For it is within bounds to say that up 
to 1920 or thereabouts the Australian smelters were nonchalantly swinging along with 
a slag-zine 50 to 70 per cent. higher than the limits then regarded as feasible at Ameri- 
can lead furnaces. 

In more than one instance Australian metallurgy has distinctly blazed the trail 
for the rest of the world. In the early phases of two arts, flotation and zincy-lead 
smelting, Australians have led the way. 

In 1916, I was called to Australia from Montana—where American lead smelting 
had been in the front trench as regards slags high in zinc—as consultant in the modern- 
ization of the Port Piriesmelter. Literally, [had to rub my eyes on arrival. Speaking 
generally, I had never seen in the United States of America anything to approach the 
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Creek) were handling high zinc. 

Each of these plants had a unique way of doing the trick. There had been almost 
no exchange of views between them; their methods, though far apart, were both effec- 
tive. One plant—Cockle Creek, where Mr. Morse and the Evans brothers, Fred 
and H. A., had been for some years in charge—was in better shape than the other, as 


to method and general economy. This Cockle Creek plant was shut down shortly | 


after the war and the particular point of its unique smelting procedure has not, to my 


knowledge, been recorded at large; at the time, in fact, its advanced technique was — 


hardly recognized by the plant itself, as it had grown to its effectiveness in gradual 


steps, and with little reference to the rest of the world. As it remains practically 


without appreciation by the smelting fraternity, it is perhaps fitting that one or two 
of the high points be emphasized. 

The following extracts are from my notes and letters of the period. I discuss the 
older plant first. 

Port Pirie (under date of July, 1917).—‘‘It was found in July, 1916, that a notably 


smooth furnace operation, on slags carrying 12 to 16 per cent. ZnO, was in progress at 


Pirie, involving some unusual methods of procedure: 


“1. High return of slag, 65 to 75 per cent. 
2. High slag-to-bullion ratio, 3.2 to 1. 
. High fuel, 16.5 to 17.5 per cent. 
. High blast, 56 oz. 
. Extremely low SiO, in slag, 20 per cent. 
. Dynamite bombing. 
. Tapping lead and slag at both ends of furnace. 
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“The three first points have undergone radical changes during the last 12 months, 
and can now be referred to as costly excesses which have been corrected. The four 
last points have much to do with the comparative immunity from furnace trouble 
that has long existed at Pirie on these high-zine slags, and these features will doubtless 
remain of importance in future practice. 

‘For some years past, Pirie slags have averaged: 21 to 22 per cent. SiOz, 6 per cent. 
Al,03, 35 per cent FeO, 15 per cent. CaO, 1 per cent. MgO, 12 to 15 per cent. ZnO, 
2.5 per cent. Pb, 1 oz. Ag, 3 to 4 per cent. sulfur. Pirie furnaces have, until the last 
year, carried 16.5 per cent. coke on the ore charge (ex slag and coke), and a 65 per cent. 
slag return. Blast furnaces are 206 by 56 in. at tuyeres. An 18-ft. ore column is 
carried with blast pressure of 56 oz.; smelting speed was slightly over 400 tons total 
charge per furnace day, up to a short time ago. Of this 400 tons, about 40 per cent. 
was foul slag returned from the dump, carrying 21 per cent. SiOz, 38 per cent. FeO, 
15 per cent. CaO, 2.5 per cent. Pb, and 11 per cent. Zn; so that the rate of actual 
ore-smelting was rather low—some 300 tons'per 100 sq. ft. of hearth area. Percentage 
of Pb on ore charge ranged from 33 to 39.5; percentage of roasted product, 70 to 84. 

“With the object of keeping the furnace “‘open’’—. e., washing out crusts and 
keeping slag and lead taps working freely in presence of high zinc—some 600 tons of 
old dump slag were quarried and smelted daily, in former operations. This foul slag 
carried 1 to 3 per cent. less ZnO than the slag made at furnaces and served to appre- 
ciably relieve the zinc situation. This excessive slag return had been considered a 
necessity here for years, it having been the belief that a slag-to-bullion ratio of about 
2.75 to 1 was essential.” 

It was demonstrated at Pirie in 1917, after reorganization of the feeding system, 
lowering of the smelting zone, introduction of type slags, closer coordination of roast- 
ing and smelting operations, and a general tightening up of furnace conditions, that 
the amounts of coke and return slag could be dropped to standard American practice, 

Trans. (1929)—14. 


burden steadily increasing and slag | 
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nelined toimprove. 
For years, dynamite bombs had played an important part in Pirie furnac 
They were, in fact, the very backbone of this high-zine work; without this muse 
metallurgy it is probable that Pirie furnaces would have succumbed to erucib! 
accretions long before the high zinc levels were attained. Used sparingly at a few 


‘other plants, and absolutely condemned at most, these dynamite pills, taken once an oe 
hour for years past, without a single serious accident, are perhaps the most striking ee 
novelty of a unique scheme of procedure which successfully handled at Pirie these 


high-zine charges. 


Type Slags.—Up to 1916, Pirie had been innocent of any sustained use of type 
slags. My notes carry the following comment (1917): ‘‘It has been interesting to note 


the changed behavior of furnaces since the adoption of definite type slags. The actual 


value of type slags may be a disputed point among lead metallurgists; adherents of 


the theory claiming cleaner slags, fewer accretions, and smoother general operation 


of furnace, while skeptics pronounce the connection between type slags and these — 


advantages entirely imaginary. Butitis to be noted that every one of the advantages 


_ claimed for type slags has come through at Pirie since their adoption. ‘Whether the 
same improvement would have been accomplished, under the circumstances, had slags 


been run without regard to type, remains an open question. 

“If zinc drops, in future operations, the tendency for SiO: in Pirie slag to increase 
toward the 28 to 32 per cent. normally used at other points will probably result in 
faster smelting. With present heavy amounts of Al.O; and ZnO in the slag, it is 
probable that one, or both, of these elements are forced into an acid role by the scarcity 
of SiOz, and any appreciable increase of the latter would upset the present slag equilib- 
rium. Slag SiOz is now several per cent. higher than was carried up to a year ago, 
but a further change toward normal lead slag types, as far as SiO2 is concerned, seems 
unwise until zinc drops. Previous to July, 1916, when fused analyses were established, 
SiO. determinations at Pirie had been several per cent. in error, on low side, due to 
failure to decompose slag samples in acids. 


‘A notable feature of Port Pirie metallurgy is the low SiO: carried in the slag. ~ 


Some 3 per cent. Al,O; is associated with this SiO. as an acid element, but these two 
acids together form a radical that is still very low, and the smooth handling of zine 
is directly connected with this peculiar slag structure. The comparative absence of 
matte in these Australian operations has long been understood in metallurgical 
circles abroad to be involved with, or caused by, this low SiO. content of the slag. 
That this connection exists, I now feel sure, and the explanation seems to lie in the 
marked absorptive power of a low-silica slag for zinc oxide. When the silica is 
carried higher in the slag, and the zinc is less readily absorbed, a matte forms, con- 
taining the zinc that is thrown out of solution from the slag. 

“Another explanation of this low matte fall with low slag silica may possibly be 
found in the presence of calcium sulfide in these slags. On a low-silica slag type some 
of the lime may go into combination with sulfur; I have found as much as 6 per cent. 
S in Pirie slags. : 

“Another cause of abnormally low matte fall at Pirie and Cockle Creek is the 
pyritic action which exists in the furnace shaft under the high blast pressures used— 
50 to 70 oz. Pirie chilled slag samples refuse to decompose in acids without fusion, 
indicating pyritic action or peroxidation of Fe.” 

Matte at Port Pirie-—There is a notion in many quarters that these Australian 
methods of smelting could be referred to as “making no matte.” This Utopian 
situation was certainly not the condition at Pirie, though a comfortable impression 
prevailed at the plant itself that local matte fall, if any, was negligible. On this, 
my notes have the following: 
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. PtAbbolutely no seat is Bioucht back into the furnace charge; ; whatever Pratis : 
comes out of the furnace tap-hole is (unless the testing ladle that is thrust down into 
_ the butt of each slag pot draws up a quantity of bullion) removed directly to the na 
9 - dump where the whole pot (shell, matte, and molten slag) is thrown over. If matte  __ 
settles out in the half-mile trip to the dump, it goes over with the rest. There is 
, every indication of a considerable metal loss on dump which can be saved in large 
— part when proper settling facilities are provided, as a matte fall of 3 to 4 per cent. is i> 
re usually existent. Samples of top matte (zinc mush) here, analyze 18 per cent. Zn, > 2 
10 per cent. Pb, 11 per cent. 8, 13 per cent. SiO», 25 per cent. Fe.” Rey 
: : Cockle Creek.—A different order of things prevailed at this smaller lead smelter an 
in New South Wales. Over a period of years, at this plant of the Sulphide Corpn., 
¢ a system of zincy-lead metallurgy had been developed that was far and away ahead a 
of that of any plant in the world at that time. Cockle Creek, in a word, was putting a ee 
zine burden through lead furnaces with a technique that was superb. High tonnage, — ‘ ; 
good slag leads, and easy furnace conditions attended this operation. o 
a « Slag zines ranged at about the same levels as Pirie, and a small matte trap was 
” in use at the furnaces. On a 60 by 138-in. furnace with 60 to 70 oz. blast the following 
conditions were observed, described by Mr. Evans as an ordinary day’s run (but 
probably one of the best performances of which the furnace was in those days capable): 

Charge (ore and flux), short tons (587 tons per 100 sq. ft. hearth), 337.5. 

Returned slag shells, per cent. 17.8. 

Coke, per cent., 11.1. 

Ratio of slag to bullion, about 2 to 1. 

Per cent. roasted product (H.-H.) on charge, 73.3. 

Per cent. Pb on roasted product, 49.0. 

— Per cent. S in roasted product, 4.0 (2 per cent. sulfates). 

Analysis slag: SiOe, 23.6; FeO, 35.5; MnO, 3.2; CaO, 15.0; ZnO, 13.1; Pb, 0.6. 

Matte fall undetermined, but low. 

On analyzing the Cockle Creek performance, I found one predominant condition 
maintained. My files carry the following memo: “Significance of the high-column 
smelter in use by the Sulphide Corpn. at Cockle Creek: Examining rather carefully 
into this matter during my visit at this plant, I find that this high-column business is 
of importance; we little realized how close to the mark we were shooting when we 
specified an increase in the height of ore column at the Pirie furnaces. 

“That Cockle Creek is getting and maintaining slag Pb’s well under 1.5 per cent., 
smelting at a 550-ton clip, and with 11.0 to 11.5 per cent. coke on charge, is a certainty. 
The prime factor in this is high column and high pressure, 28 to 30 ft. of ore above the 
tuyeres, 60 to 70 oz. blast. A high pressure is of no benefit without the high column; 
one would simply burn up excess coke; the two together, however, are a veritable 
panacea for zinc troubles at Cockle Creek. 

“ ‘Speed, drive, hurry-up,’ is the word at Cockle Creek. There is abundant 
evidence here that they were not able to maintain good slags (0.6 to 1.5 per cent.) and 
clean free crucibles, as now, until this high furnace went in. As soon as the high 
column became available their speeds went up, and crucible crusts and dynamite 
bombing disappeared. Whenever blast pressure nowadays makes an appreciable 

- drop, due to coarse run of charge, etc., reduction goes off. 

“On the low furnace they were barring accretions every three weeks; the advent 
of high column marked the end of wall accretions, for the most part. Three to four 
months is now the campaign. The charge itself is believed to catch the accretions; 
i.e., the descent of fines at sides washes down the shaft walls. The fumes ascending 
at the center of the furnace through the coarser charge seem to deposit their accretions 


down to the smelting zone. 
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Mr. Morse’s theory is very ingenious, but I am not prepared to pass judgment as to 


Helena. 


Ye “This Cockle Goode proce dure 
in advance of smelting performanc 
to see the comparative ease and smoot: 
old conditions, were handling slags carrying 13 to 14 per cent. 
Pirie slag manipulation is ahead of similar work in America, so is Cockle Creek ¢ 
length in advance of Pirie, in this matter of clean, fast work on highane charges. 


The outstanding point here is ‘Drive the furnace.’” , ee 


F. M. Surrs, Spokane, Wash. (written discussion).—It must be admitted that wef Hee 


the correctness of the theory, nor am I able to expound a theory of my own as to just : 
how zine does enter into slag compositions. I am not favorably impressed with the 
practicability of the theory, because of the fact that for very-high zinc contents the — 
strict application of the theory requires such low-silica, high-iron compositions. At 
most lead smelters in the United States iron is an expensive flux, and this has always 
been particularly true at East Helena; hence to strictly follow the spinel theory, the 
amount of iron required would be prohibitive from an economical standpoint. Hence, 
the Morse spinel practice was never adopted as a permanent proposition at East 
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Mr. Morse’s spinel theory apparently was not adopted at the Port Pirie Smelting 
Works, South Australia, as is shown by the following analysis of the slag which Mr. 
Robertson of that works had been running for a long time, as late as 1919, with good 
results: 


802, | FeO, | Mn0, | Cad, | MgO, | AlOs,| Zn0,| 8, | Cn, | Po] 4 
Per Per Per Per Per Per Per Per Per Per & 
Cent. | Cent. | Cent. | Cent. | Cent. | Cent. | Cent. | Cent. | Cent. | Cent Ox. 
, 
Robertson | | | | | | | 
slag... 24..0)).30 74) 6.2.) 13.67) 1.2 4.25) LO valet ace ad eee 
Noise clag 18.3 | 41.1 220) |) LO) 6.4.10 16.7, 3.0 | 0.2 | 1.0) 0.4 


16.7 per cent. ZnO is 13.4 per cent. Zn 


Through the kindness of J. D. MacKenzie, manager at East Helena, I am able to 
give the following analyses of recent East Helena slags: 


Cu, 2 
Per Cane. Per Fes Pe ete Pa Baht. ne Per Cent Pow bei ter Ce Peony Por tone: Per ee 
0.3 | 0.86 | 35.0 23.8 13.8 | 1.0 17.8 3.5 Sik | he) 
34.9 22.2 12.8 T2020) 3.8 3.2 1.0 
| 0.90 | 36.0 31.4 12.1 | 1.0 A W( 3.7 | Sao | 1.0 


These slags indicate a higher silica and a lower iron than the Morse theory would 
require. They show remarkably good reduction; obtained, however, at a heavy 
sacrifice of speed or tonnage. Apparently good Peaecan is stressed rather than 


_ tonnage at East Helena. 


Two recent Herculaneum slags and three Trail slags are shown on p. 213. 
from Herculaneum show high zinc with relatively high silica and fair reduction. 

Trail, as everyone knows, has a big surplus of iron in the concentrates from the 
Sullivan mill. On the other hand, it is hard up for silica; hence, as iron costs nothing 
there, and silica is really an expensive flux, it is natural that the Trail slag should run 
lower in silica and higher in iron than at the average lead smelter in the United 
States. These Trail slags show rather poor reduction, but I understand that this 
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does not worry our Trail friends because they propose to retreat this slag to recover 
the zine and, incidentally, the lead. In other words, Trail eppents to lean toward 
speed and large tonnage rather than to low-lead slags. | 

At the Bunker Hill smelter we were running a slag like this in April, 1928, which 
was before we began to smelt the zinc residues from the Sullivan electrolytic zine 
plant: 


FeO | MnO | SiOe | AlsO3 | CaO | MgO | Ss | ZnO | Cu | Pb 


34.5 | 2.8 | 24.8 | 6.6 | 16.8 | 1.6 | 1.6 | erg 0.10 1.4 


A. F. Beasley reports that this was an exceptionally good slag, in that the furnace 


_ran very fast and gave us a large tonnage. About October, 1928, we began to receive 
- the zinc-plant residues, and our troubles began. The furnaces slowed up and we had 


great difficulty in holding reduction. The following gives the complete analysis of a 
composite slag sample for December, 1928: 


Pb FeO MnO 


CaO MgO | ) ZnO Cu Ag 


SiOz | AlsO3 


1.6 | 35.6 | 2.7 | 23.0. 5.1 | 14.1|) 2.0 Lis 13.3 | 0.10 | 0.10 


One more recent slag, that of Feb. 1, 1929, was as follows: 


MnO | SiOz | Al.Os 


CaO MgO | tS) ZnO Cu Ag 


Pb | FeO 


1.2 | 33.5 | 2.4 | 24 A PeiD: & | 14.4 | 2.0 1.8 | 14.5 | 0.05 | 0.08 


I think all lead metallurgists are agreed that high-zine slags require relatively 
low silica and high iron contents. I do not believe that there is any fixed rule for 
determining the exact percentages of SiO, and FeO for varying ZnO contents. This 
is something that each metallurgist has to work out for himself according to the 
peculiar conditions at his own plant. If his cost of iron is low, he can afford to run 
high iron in his slag; on the other hand, if he has good smelting margins on siliceous 
ores, he will strive to run as high silica in his slag as conditions will permit. Some 
slags run well and others do not, and I believe that it is simply a question of ‘‘trial 
and error,” and one that each man must work out for himself. 


R. P. Raynoups, Denver, Colo.—About 1907 I had some experience at Durango 
with a high-alumina slag which Mr. Morse’s interesting paper calls to mind. Unfor- 
tunately, many of my notes have been lost in moving, so that I am unable to give 


This error in fhe determination seats es the discrepancy betwe 
lations and the slag analysis. I recall that we made a great many deter minat i 


‘the only one that I can locate showed the following slag analysis: 


"Insoluble | Fe Mn | Cad. | En | Al:0s 


29.4 | 28.7 | 0.07 | B.4 | 8.0 . 7.3 . 0.9 | 0.41 


The insoluble was fused with alkali, taken up with acid, dehydrated and the gilica 


expelled with hydrofluoric acid, leaving a residue, which analyzed: Fe, 0.58; CaO, 
0.07; Zn, 0.6; Al,Os, 1.28 per cent. 

This insoluble residue was present whenever the alumina in the slag was over 6 
per cent. and the higher the percentage of alumina, the larger was the proportion of 
the residue. 

The various analyses of the residue checked closely enough to-permit us to use a 
factor when a quick result was wanted without waiting for the final analysis of the 
residue. The analysis of this residue closely approximates a zinc-iron spinel and we 
were convinced that the presence of high alumina led to the formation of this spinel. 


C. S. WiTHERELL, New York, N. Y.—In many of the blast-furnace slags in which 
high iron is used to dissolve as much zine as possible, if you figure the zinc as ferro- 
zincate (FeO.ZnO) and deduct that from the composition of the slag under considera- 
tion, then figure the composition of the slag that remains, you will find a fairly well 
balanced, neutral slag in nearly every case. I have done that with the slag composi- 
tions reported used at the Trail plant and various other plants producing slags high 
in zine. In fact, I think in those given in this paper you can figure the iron combined 
with zine in the proportion of one FeO to one ZnO; that is, give to the zinc oxide its 
proportion of ferrous oxide, to form FeO.ZnO, deduct both from the slag, calculate 
the slag that remains, and for a majority of examples given you will find a fairly good 
type of slag, a slag that will act asa good solvent for dissolving the so-called 
ferrozincate, alumina, and other ingredients questionable as to role played in 
slag composition. 
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e o Formation of Insoluble Zinc Compounds duviric Roasting 


By JShy 18% Hantey,* Cuaries Y. Crayton} AnD Davip Watsu,t Rouua, Mo. 


(New York Meeting, February, 1929) i 


Iv 1s a well-known fact that the solubility of zinc compounds decreases 


when these compounds are roasted in contact with iron compounds, 
but descriptions of tests to quantitatively express the fact have not 
appeared in the literature. Possibly such an expression cannot be 
uniformly and exactly duplicated by different operators because of the 
variation in the personal equation. In a general way, however, the 
reactions between zine compounds and iron compounds under roasting 


conditions will show a certain trend with changing conditions and the 
_ approximate quantitative expression of this trend appears reasonably 


well established by experimental work conducted for this purpose. 


FERRITES AND MARMATITES 


The name “‘ferrite” has been given to the compound of zinc and iron 
which has the formula ZnO.Fe2O3. 
Among the questions pertinent to this subject are those involving 


‘inherent or natural ferrite, and also the synthetic or artificial variety. 


The inherent or natural product is formed when the mineral containing 
iron and zinc sulfides isomorphously crystallized is subjected to oxidation 
at roasting temperature. These isomorphously crystallized minerals 
are known, mineralogically, as marmatites, and contain ZnS and FeS 
in ratios of 2 to 1 up to 5 to 1 respectively. The zinc and iron sulfides 
form a definite mineral. They are firmly attached to each other and 
form common contact planes through which diffusion of the entities 
occurs during the roasting process. This diffusion of the molecularly 
intimate entities produces, during roasting, the compound referred to as 
ferrite, in proportion to the amount of iron originally present in the 
marmatite. For example, a marmatite from British Columbia con- 
taining 9.739 per cent. Fe and 56.87 per cent. Zn corresponds with the 
mineral having the formula 5Zn8.FeS. The ferrite produced in roasting, 
which has the formula ZnO.Fe.03, contains 27.07 per cent. Zn and 46.40 


* Associate Professor of Metallurgy, Missouri School of Mines and Metallurgy. 
+ Professor of Metallurgy and Ore Dressing, Missouri School of Mines and Metal- 
lurgy. 
t Instructor in Metallurgy, Missouri School of Mines and Metallurgy. 
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per cent. Fe. ‘The ratio of i ne to it 


‘0.584. Therefore there is only 0.584 unit of zinc mad 
--ynit of iron present. Inasmuch as there are only 9.739 un: 
present in the marmatite, the total amount of zine with which this i Ss 
can combine and thus render insoluble will be 9.739 X 0.584 = 5. 687 
units of zinc. If we refer these units of insoluble zinc to the total zinc : 


present in the marmatite we see the percentage insolubility of the zinc ~ 


(100 per cent. — soluble) will be a 10.00 per cent. The treatment | 


<a of the roasted marmatite with 4 per cent. H,SO, solution, or ammonium 
4 ; chloride solution, will dissolve zine to the extent of approximately 90 
ag per cent. of the total zine present. | 
=. A marmatite having a formula 3Zn8.FeS after roasting will produce 4 
a calcine having approximately 83 per cent. of the zinc soluble in weak 


acid or ammonium chloride. The preceding conditions are obtained 
regardless of the temperature at which the roasting is conducted, provid- 
ing the marmatite is pure. This was verified by experiment. This 
definite solubility of the zinc naturally follows as a corollary because . 
the iron oxide will combine only with a definite amount of zine oxide ‘ 
in the ferrite compound, and since the iron present in the original mineral 

is in limited amount, the toxic effect of the latter will only be exerted in 
proportion to this limited amount isomorphously crystallized with the 

zine as sulfide. In other words, the iron present in the marmatite 
mineral may be regarded as the potential iron in the ferrite. 


TEST ON A SPECIAL MARMATITE 


A marmatite assaying 48 per cent. Zn, 11 per cent. Fe, 30 per cent. 
S was roasted in an electric muffle at 625° C. for 6 hr. The sulfide 
sulfur present in the calcine was 0.2 per cent. The zinc solubility in the 
calcine was 88.6 per cent. This calcine was then baked for another 6 
hr. at 900° C. The zine solubility was 87.9 per cent. 

Another portion of the same marmatite was roasted at 900° C. for 
6 hr.; this showed 87.8 per cent. zine solubility. These figures are in 
agreement with each other when the effect of the free iron is taken into 
account for the two roasts at different temperatures. 

The characteristics of this marmatite are calculated as follows: 48 
per cent. Zn as marmatite mineral, 8.23 per cent. Fe as marmatite mineral, 
2.77 per cent. Fe as pyrrhotite; 11.00 per cent. Fe total. 

When roasted at 625° C., 10 g. marmatite gave 10 g. calcine. The 
normal loss in weight was counterbalanced by a gain in weight due to the 
formation of ZnSO,. 

Combined Fe = 0.823 g. per 10 g. calcine. 


"oe we -. 2S ee. ye | a ar 
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Free Fe = 


1.100 © tess feed 
0.823 g. Fe X 0.584 = 0. 481 g. Zn insoluble due to 0.823 g. com- 


bined Fe. 


O277 gi Me xX 0.584 = 0.161 g. Zn insoluble if Fe were 100 Pes 
cent. effective. . 


The actual insoluble Zn was: 10 g. calcine at 5.5 per cent. = 0.550 g. 
Insoluble Zn due to combined Fe, as before = 0.481 
‘Insoluble Zn due to 0.277 g. free Fe = 0.069 


. Segregation of Insoluble Zinc 


The 0.823 g. Fe combined with 0.481 g. Zn at 100 per cent. effectiveness. 
The 0.277 g. Fe is theoretically equivalent to 0.161 g. Zn. 
The 0.277 g. Fe actually combined with only 0.069 g. Zn. 

0.069 


Fiffectivencss of free Fe = 0.161 = 42.80 per cent. (ferrite due to 


free Fe). Ratio of effectiveness between combined Fe and free Fe for 
the production of insoluble zinc compounds under this condition amounts 
to 42.80 per cent. 


Effect of Free Iron 


It was decided to ascertain the effect of free iron as pyrite, or pyrite 
plus pyrrhotite when present with marmatite in various ratios. Accord- 
ingly progressively increased weights of powdered pyrite were intimately 
mixed with powdered marmatite and the mixtures roasted for 8 hr. in an 
electric muffle pyrometrically controlled. There were two different 
temperatures selected for the roasting, which would approximate plant 
conditions; e. g., 625° C. as might be used in the roasting division of an 
electrolytic zinc plant, and 900° C. as the maximum temperature that 
would be used in the roasting division of a retort zinc plant. The results 
of these roasting experiments are shown in Tables 1 and 2. Generalizing 
these results, there is shown that approximately 0.25 g. zinc is made 
insoluble per gram free iron when roasted 8 hr. at 625°C. At 900°C., 
however, the insoluble zine formed is approximately 0.45 g. per gram of 
free iron. In either case the combined iron, as marmatite constituent, 
always renders zinc insoluble to the extent of 0.584 g. zinc per gram of 
combined iron. It follows, therefore, that the generalized effectiveness 
of the free iron as pyrite to form insoluble zinc is approximately 40 to 50 
per cent. of the combined iron when the roasting temperature is main- 
tained at 625° C. Similarly, free iron as pyrite has the general effec- 
tiveness of 80 to 90 per cent. of the combined iron when the roasting 
temperature is maintained at 900° C. ‘The data obtained in the roasting 
experiment at 625° C. are shown in Table 1. Graphic interpretation of 
the essential data is shown as curvesin Fig. 1. The similar data obtained 
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- the iron were 100 per. cent. 


interpreted in units if desired. 


a ; 
2. Ferrite formation; 


: wt. Ome 
3. Grams zine made insoluble pe r gram ¢ 


Percentage of Zinc Solubility and Ferrite Format 


10 15 20 25 30 35 40 
— Percentage of Free Iron in Calcine 


Insolubility, g. 
i=) 


a 5 3540 
Assay Percentage of Free Iron in Calcine Assay Percentage of Free Iron in Calcine 

Fig 1.—MARMATITE WITH ADDITIONS OF Fic. 2.—MARMATITE WITH ADDITIONS OF 
PYRITE ROASTED AT 625° C. PYRITE ROASTED AT 900° C. 


EXAMPLE OF THE METHOD USED IN CALCULATING DISTRIBUTION OF INSOLUBLE ZINC 
witH COMBINED IRON AND FREE IRON 


Calcine 9.—625° C. Roast 8 Hr. 


Combined ‘Fev yrs): “SURE SS ER ee 0.823 
FreauFeadéek eee £3: Vo UE eee oe 0.577 
"Total He sect :a:c:arskacn pone shed al lis Sacto cease oe 1.400 


0.823 g. Fe X 0.584 = 0.481 g. Zn insoluble due to 0.823 g. combined Fe 
0.577 g. Fe X 0.584 = 0.337 g. Zn theoretically insoluble Zn if Fe were 100 per cent. 
effective. The actual insoluble zine was: 


(1.00 — 0.863) 4.8 g. Zn gives 0.658 g. insoluble zinc. 


GRAMS 
Actual insoluble zinc.\). ...28 AN eee. eee eee 0.658 
Insoluble zinc due to combined iron..............-..eeceeees 0.481 
Insoluble zinc due to 0.577 g. free iron.........2....22.-5+e06 0.177 


Segregation of Percentage Insoluble Zine 


The 0.823 g. Fe combined with 0.480 g. Zn at 100 per cent. effectiveness. 
The 0.577 g. Fe is theoretically equivalent to 0.337 g. Zn. 
The 0.577 g. Fe actually combined with only 0.173 g. Zn. 


: 0.17 
Effectiveness of free Fe = 0.337 — 52.5 per cent. ferrite due to free Fe. 
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A - altered ratios of zinc to ae iron ane not affect meee pee in the same 


a LABLE | pe eee of Zine Solubility of Marmatite (100 Per Cent. if nsoluble) 
‘per Unit of Free Iron Present 


8 Hr. at 625° C. 


a Calealnte Solubility of Zinc if All (Free) Iron Were Absent = - 90.00 Per Cent. Roast 


Sample Number............. 3 


9 10 11 12 13 14 15 
1. Marmatite, grams....; 10.00 | 10.00 | 10.00 | 10 6.66 | 5.00 | 10 
2. Zn present, grams....| 4.8 4.8 4.8 4.8 38.2 | 2.4 4.8 
3. Combined Fe present, i 
calculated, grams....) 0.823; 0.823) 0.823) 0.823) 0.548) 0.4115) 0.823 
4. Free Fe present, ) 
grams.. -| 0.277; 0.277) 0.277; 0.277) 0.182) 0.1885) 0.277 
5. Fe (as merits ‘added, ; 
BIATUSte tee eee oes 0.300, 0.600) 0.900 1.500; 2.720) 4.100 | None 
6. Total free Fe present, 
PLASM ee hs nse se 0.577) FO877) 1.174), ol e777), 2,902)4. 2388 | O27 
7. Total Fe present, 
~ PEAT EME Le tis cal erat agit 1.400} 1.700) 2.000, 2.600) 3.450) 4.650 | 1.100 
, 8. Free Fe in calcine, as- 
say per cent.....0.4< 5.06 | 7.62 | 10.00 | 14.23 | 26.20 |37.70 2.77 
9. NH,Cl sol. Zn in cal- : 
cine, assay per cent. .| 36.70 | 35.60 | 34.00 | 30.72 | 21.95 |15.10 | 42.50 
10. Total Zn in calcine, 
assay per cent....... 42.20 | 41.70 | 41.00 | 38.40 | 28.70 /21.30 | 48.00 
11. Zn solubility in NH.- ; 
Clisolermisi neers es ot 87.00 | 85.40 | 83.00 | 80.00 | 76.50 |70.90 | 88.60 
12. Theoret. insol. Zn due 
to free Fe, grams. 
(Free Fe X 0.584)....| 0.337) 0.512) 0.688) 1.037; 1.693) 2.475 | 0.161 
13. Totalinsol. Zn, grams| 0.624) 0.702) 0.816) 0.960) 0.720) 0.659) 0.548 
14. Insol. Zn due to com- 
bined Fe, grams...... 0.481; 0.481! 0.481} 0.481) 0.320) 0.240/] 0.481 
15. Zn made insol. due to 
free Fe, grams....... 0.143) 0.221) 0.335) 0.479) 0.400) 0.419 .067 
16. Beet aa grams..... ‘0.307; 0.252) 0.284; 0.270) 0.138] 0.099 | 0.242 
Free Fe 
17. Ferrite* due to free Fe 
42.4 | 48.20 | 48.70 | 46.20 | 23.6 |16.95 | 41.60 


present, per cent.’.... 


¢ In all tables, this phase is to be interpreted ‘‘per cent. effectiveness of free Fe for 


ferrite formation.” 
’ These figures are obtained by dividing the figures of the 15th line by those 


in the 12th. 


1 The phrase “ferrite formed”’ is to be interpreted ‘Effectiveness of free Fe for 
ferrite formation.” 
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amount of free iron present, % 
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Percentage of Excess Iron Percentage of Excess Iron 
Fig. 3.—ZnO + 2FeS:, INCREASING Fig. 4.—ZnS + Fe.0; IncREASING 
FeS. ur To 100 PER CENT. EXCESS OF Fr,O; up To 100 PER CENT EXCESS OF 
THAT REQUIRED BY FORMULA ZN: 2 Fe. THAT REQUIRED BY FORMULA ZN:2 FE. 
Roasted 8 hr. at 625°C. Rabbledevery Roasted 8 hr. at 625°C. Rabbled every 
10 minutes. 10 minutes. 
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Percentage of Zinc Solubility and Ferrite Formation 


Percentage of Zinc Solubility and Ferrite Format 


\ lor 
% i0 20 30 40 50 60 170 80 90 100 % 10 20 30 40 50 60 70 80 90 100 lO 

a Percentage of Excess Iron ee Percentage of Excess Zinc 

£02 BO [eral Zine pe Gram en | FF 

Bo Gram zinc per Gram Iron 3 0 

FA °s—10-20 30 20 50 60 70 80 90 100 3 ~0 10 20 30 40 50 60 70 80 90 100 110 

at Percentage of Excess Iron S Percentage of Excess Zinc 

Fig 5.—ZnS + 2Fn8.. INncrEasina Fia. 6—ZnS + 2FES>.. INcREASING 
FreS, up to 100 per cent. Excess OF ZNS vr To 100 PER CENT. EXCESS OF 
THAT REQUIRED BY FORMULA ZN: 2 FE. THAT REQUIRED BY FORMULA ZN: 2 FRE. 
Roasted 8 hr. at 625°C. Rabbledevery Roasted 8 hr. at 600°C. Rabbled exer 

10 minutes. 10 minutes. 


particle of free iron to come in contact with particles of zinc, and since 
this contact is essential for ferrite formation, the condition that promotes ~ 
it will yield the greatest percentage of ferrite. The percentage 
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Picea to ie ambunt that Sid be formed Feasts in the oapoute 
ZnO.Fe.0; due to freeiron. The greater the amount of free iron present, 
the less opportunity there is for each particle of iron to come in contact 
with particles of zinc, for obvious reasons (e. g., the particles of iron form 
aggregates and nie prevent contact of single particles of iron with 
_ particles of zinc). This does not hold for all ratios in the case of sulfides. 


TaBLE 2.—Loss of Zinc Solubility of Marmatite (100-insoluble) per Unit 
of Total and per Unit of Free Iron Present 


Calculated Solubility of Zinc if All Uncombined Iron Were Absent = 90.00 Per Cent. 
Roast 8 Hr. at 900° C. 


Sample Nam berscreesieie oaie.s.c.cke.eis/eistele 16 | 17 18 | 19 | 20 21 
1. Marmatite, grams.......... 10.00 | 10.00 | 10.00 | 10.00 | 6.66 | 5.0 
2. Zn present, grams.......... 4.8 4.8 4.8 4.8 3.2 2.4 
3. Combined Fe present, calcu- 
ated ceramics eicietotninels sar 0.823) 0.823; 0.823) 0.823) 0.548) 0.4115 
4,.Free Fe present, grams...... 0.277) 0.277; 0.277) 0.277) 0.182) 0.1885 
5. Fe (as pyrite) added, grams~ | 0.300) 0.600) 0.900) 1.500)' 2.720) 4.100 
6. Total free Fe present, grams.| 0.577/ 0.877) 1.177| 1.777) 2.902) 4.2385 
7. Total Fe present, grams..... 1.400} 1.700) 2.000) 2.600) 3.450) 4.650 
8. Free Fe in calcine, assay per 
COTU mera fere Pete kas bree iuece 6.62 | 9.37 | 11.90 | 16.38 | 29.70 | 39.60 
9. NH,Cl sol. Zn in calcine, 
ASSAY PCL COM ba'c<: ais, «ers sor encie 44.80 | 40.84 | 36.85 | 30.35 | 16.10 5.47 
10. Total Zn in calcine, assay per 
Conte arts srercueere cern en seer 53.4 | 50.80 | 48.00 | 43.80 | 32.380 | 22.10 


11. Zn solubility in NH,Cl sol. | 83.90 | 80.30 | 76.80 | 69.35 | 49.80 | 24.72 
12. Theoret. insol. Zn due to free 
Fe, grams. (Free Fe X 


OL SSA Vernier Gieys  easuecstagese 0.337; 0.512) 0.688) 1.037) 1.693) 2.475 
13. Total insol. Zn, grams...... 0.773; 0.946) 1.114) 1.471] 1.605! 1.806 
14. Insol. Zn due to combined 

HMO TAILS er eccsresun ones (aye 0.481; 0.481) 0.481} 0.481; 0.320} 0.240 
15. Zn made insol. due to free 

ey UAWIE  calbeniee sie os 6 <a 0.292) 0.465) 0.633) 0.990) 1.285) 1.56 
16. pero), 20. TAMAS es vista’ 6 3 0.506} 0.530; 0.537) 0.556) 0.422) 0.368 

Free Fe 
17. Ferrite due to free Fe 

present, per cent.*......... 86.7 | 90.8 | 92.0 | 95.4 | 75.4 | 63.1 


2 These figures are obtained by dividing the figures of line 15 by those of 
line 12. 


The increase of free iron lowers the zinc solubility in marmatite ores, 
for two reasons: (1) it slightly increases the amount of insoluble zinc 
due to formation of ferrite; (2) it lowers the tenor of zinc in the calcine. 


The following sibetenbes were. 

the rabbling being done every 10 minutes. ; 
Series 1. Marmatite with increasing amount of FeS. at 625° CL. ~~ 
Series 2. Marmatite with increasing amount of FeS, at 900° C: 
Series 3. ZnO and 2F eS». , “* 
Series 4. ZnS and Fe203. — alee 

‘Series 5. ZnS and FeS.. q> 

Series 6. ZnS and 2FeS with increasing amount of Zn. 

Series 7. ZnS and 2FeS, with increasing amount of Zn 700° C. 

Series 8. ABC Zn8. FeS. with ereah variation of FeSs. 
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Percentage of Excess Zinc Assay Percentage of Iron in Calcine 


Fig. 7. ZnS + 2Fe8,. IncrEAsING 
ZNS ur TO 100 PER CENT. EXCESS OF THAT 
REQUIRED BY FORMULA Zn: 2 Fn. 

Roasted 8 hr at 700°C. Rabbled every 


10 minutes. 


Fic. 8.—ZnNS anp FES, CoMMENC- 
ING WITH VERY SMALL AMOUNT OF FESs, 
PROGRESSIVELY INCREASING. 

Roasted 8 hr. at 625°C. Rabbled every 
10 minutes.. 


Series 1, Table 1—Marmatite plus FeS, roasted at 625° C. This 


series shows a gradual lowering in the zine solubility with increase of 
FeS,. The percentage of artificial ferrite formed, referred to uncombined 
iron, increases up to a certain point then falls. Apparently this is due 
to the lack of effectiveness of the iron when its ratio to the zinc is increased. 

Series 2, Table 2—Marmatite plus FeS: roasted at 900°C. The same 
general features are present in this case except that the artificial ferrite 
is much higher. From these data the effect of free iron on zine solubility 
may be approximated for any tenor in zinc and iron. It is assumed that 


 Tasn of oasting ZnO + 2 FeS2 with Increasing Avaeins of a 
se Ss Up to 100 ‘Pér Cent. Excess of That Required by Formula Zn:2 Fe 


=, 
om Roasted 8 Hr. at 625° C. Rabbled at 10-min. Intervals. BS 
a Reagents: ZnO Pure om 
a FeS. = 44.4 Per Cent. Fe a 
ea 4.07 g. ZnO = 3.27 g. Zn = 
"Sample Number.............0.0s0s00- | 6 | 7 8 9 10 
umn LBC) SPTATNS Mave idan sels sac ot 4.07 | 4.07 4.07 | 4.07 4.07 4 
Se Pesky prams is, yo... 0s EA atiok: 12:62 4 15-47 - 47-60" “22):70 25 .23 
Fe present, grams.............. 5.60 | 6.72 | 7.84 |10.08 | 11.20 ae 
: Excess of Fe, per cent........... 0.0 20.0 40.0 80.0 100.0 
x Total Zn, assay per cent.........| 20.00 | 18.10 | 16.9 15.00 12.90 i 
NH.Cl sol. Zn, assay per cent... .| 17.10 15.30 14.10 10.72 9.65_ . 
Zn solubility in NH,Clsol....... 85.50 84.60 83.20 71.50 74.80 : 
Insol. Zn (actual), grams........ 0.474 0.503 0.549 0.932 0.824 a 
Insol. Zn (theoretic), grams...... 3.270 | 3.930 4.578 5.880 6.490 - is 
Ferrite formed, per cent........ .| 14.50 12.80 20.00 15.84 ~| 12.70 poet 
Zn insol. per gram Fe, grams....; 0.0846} 0.0634) 0.0700| 0.0924 0.0735 


TaBLE 4.—Results of Roasting ZnS + FeO; with Increasing Amount of 
Fe,0; Up to 100 Per Cent. Excess of That Required by Ratio Zn:2 Fe 


Roasted 8 Hr. at 625° C. Rabbled at 10-min. Intervals 
Reagents: Blende Zn = 58.23 Per Cent. 
Fe.0; = 66.6 Per Cent. Fe 
5.61 g. Blende = 3.27 g. Zn 


4 Sample Number............+.¢s+-+cee0+ | 11 | 12 | 1Z.sloe 14 15 
‘ Mee Wende, prama_.......---.++-+-+- 5.61 | 5.61 | 5.61 | 5.61 5.61 
LOO = Cae ele ee ie oe ae 8.42 10.10 11.78 ase a 16.85 
7 Bemresent. Prams. -..2). oes oss > 5.6 6.72 7.84 10.08 11.20 
Excess Fe, per cent.............. 0.0 |20.0 | 40.0 | 80.0 | 100.0 
Total Zn, assay per cent..........| 23.90 20.80 18.90 15.35 14.95 
- NH.,Cl sol. Zn assay percent.....| 8.26 6.60 6.60 7.00 7.00 
. Zn solubility in NH,Clsol........ 34.55 | 31.70 | 34.90 | 45.80 46.80 
7 Insol. Zn (actual), grams......... 2.140 | 2.230] 2.120] 1.770] 1.730 
- Insol. Zn (theoretic), grams....... 3.270 | 3.930| 4.578'| 5.80 | 6.54 
, Ferrite formed, per cent.......... 65.4 56.80 | 46.3 30S eee 26a 
Loss Zn solubility per unit Fe.....| 1.59 | 1.59 | 1.43 | 1.18 1.04 
Zn insoluble per gram Fe, grams..| 0.382 0.382 | 0.271 0.175 0.154 


Me Were 5. Bead a Roastit + 2 
-FeS, Up to 100 Per Cent. Becie af 7 


— 


at Required by Reo 


7 Roasted 8 Hr: ab G25%1A: HabBled Bively 10° Merle ae 
; Reagents: Blende Zn = 58.23 Per Cent. ya ‘an 
Pyrite Fe = 44.4 Per Cent. * ae 
5.61 g. Blende = 3.27 Zn a 


} EEE eee 
‘Blende, grams.............- gaia tae 5.61 5.61 5.61 | 5.61 _ 5.61 a 
SEP SG 7, grams ,..c., hee = sce te ores 12.62 15.14 17.60 | 22.70 25,23 eee 
~. Hemgorams acer ctinc sees ocala 5.60 6.72 7.84 10.08 11.20 : 
; VAS (4:1 \\ praesent Sic oes ssn ae 3.266 3.266 | 3.266 | 3.266 3.266 3 
Excess Fe, per cent.............. 0.0 20.0 40.0 80.0 | 100.0 
Total Zn, assay per cent.......... 20.00 18.00 | 17.20 | 14.40 13.00 
NH.Cl sol. Zn, assay per cent..... 18.20 15.00 10.60 9.35 8.36 
Zn solubility in NH,Cl sol....... 91.00 80.70 | 70.00 | 64.90 64.30 
i Insol. Zn found, grams....+.....: 0.294 0.631 0.980 1.145 LAT 
Insol. Zn (theoretic) (Fe x 0.584) 
STATINS. os basis tn eee theo) cheba 3.270 3.930 | 4.578 | 5.880 6.54 
: Ferrite formed, per cent........... 8.94 | 16.05 | 21.4 19.47) 49285 
: ; Zn insoluble per gram Fe, grams...| 0.0525] 0.094 | 0.125 0.113 0.104 . a 


TasLE 6.—Resulis of Roasting ZnS + 2FeS2 with Increasing Amount 
of ZnS up to 100 Per Cent. Excess of That Required by Ratio Zn: 2 Fe, 
Walsh 


Roasted 8 Hr. at 600° C. Rabbled Every 10 Min. 
Reagents: Blende Zn = 58.23 Per Cent. 
Pyrite Fe = 46.20 Per Cent. 


Sample IN uMVeL a. +e sceaie a eee ola eleliese 53 54 55 56 57 58 


Blende,gramsccccad eae 3.40 | 4.08 | 4.76 | 5.44] 6.12 6.80 
Pyrite, QAM G wc .caiss ey aan seers C20. ily ok 20M ac c20) We agen eet) 7.20 
Zn in mixture,-grams........... 1-98" o2.884))) 2afaole ak jroo 3.96 
Fe in mixture, grams........... 3.382 | 3.32 | 3.82:| 3.32 | 93.32 3.32 
Excess. Zn, per cent.:.......... 2.30 | 23.0 | 43.0 | 63.80 | 84.60 | 105.00 
Total Zn, assay per cent........ 23.30 | 25.90 | 27.95 | 29.80 | 31.80 | 32.70 
NH.Cl sol. Zn, assay, per cent...| 20.7 | 23.6 | 25.6 | 27.20 | 28.00 | 33.40 
Zn solubility in NH,Cl sol..... 88.80 | 91.18 | 91.70 | 91.40 | 88.1 87.8 
Insol. Zn determined, grams....| 0.22 | 0.21 | 0.23] 0.27| 0.43 0.49 
Insol. Zn (theoretic), grams? ....| 1.935) 1.935) 1.935) 1.935) 1.935) 1.985 
Ferrite formed, per cent........ 11.36 | 10.85 | 11:88 | 18.95 | 22.20 | 25.30 
Loss of Zn solubility per unit of 

RO. 5 tae aire sn tatereane nee s 0.287) 0.248! 0.248) 0.275) 0.403; 0.435 
Zn insol, per gram Fe, grams..... 0.066} 0.063; 0.069) 0.081) 0.195) 0.147 


* In this series there is observed the contemporaneous oxidation of the sulfides of 
zinc and iron. The amount of ferrite formed was low, due to the influence of SO, 
generated by both minerals. The effect of SO» on ferrite is that of decomposition, 
not merely retardation. 


'3.32 g. Fe X 0.584 = 1.935 g. Zn theoretically insoluble. 


eT -” * 


; “ZnS if yy 100 Per Cent. Excess of That Begiltred by B Ratio Zn: 2 F o 


Roasted 8 Hr. at 700° C. Rabbled Every 10 Min. 
Reagents: Blende Zn = 58.23 Per Cent. 
Pyrite Fe = 46.2 Per Cent. 


Bamplo.Numbera.cercrercierareore meters baie 35 | 36 | 37 38 | " 39.- | 40 
Blond errerams ce wel. ete 2 ce cones at 3.40 | 4.08 | 4.76 | 5.44] 6.12 6.80 
Pyrite oralis aearteen ce ig cice « LESPAU) MCKEAN eirf PAD EN a lf OLB al) eG, these 
Zn in mixture, grams........... 1.98 | 2.38 PITRE Sota WANS AS Teg oy 3.96 
Fe in mixture, grams........... D.02 le d.320| eo.02 1 d.G20l) -o.o2 3.32 
Excess Zn, per cent......... ...{| 2.380 | 23.0 | 43.1 | 63.80 | 84.6 | 105.0 
Total Zn, assay per cent........ 25.40 | 28.40 | 31.10 | 33.60 | 35.20 | 37.20 
NH.Cl Sol. Zn, assay per cent...) 18.90 | 19.25 | 20.00 | 24.90 | 27.00 | 27.10 
Hesussay percent. 72 5c/c. 2 «<i 42.55 | 39.65 | 37.30 | 34.90 | 32.70 | 31.40 
Zn solubility in NH,Cl sol..... 74.50 | 67.80 | 64.40 | 74.60 | 76.70 | 72.90 
Insol. Zn, determined, grams....| 0.51 | 0.77 | 1.01] 0.80] 0.83 1.08 
Insol. Zn (theoretic), grams’....| 1.935} 1.935} 1.935) 1.935) 1.935) 1.935 
Ferrite formed, per cent........ 26.35 | 39.80 | 52.20 | 41.30 | 42.90 | 55.80 
Zn insoluble per gm. Fe grams..| 0.153} 0.231; 0.304) 0.241) 0.250) 0.325 


@ This series is identical with Series 9 except that the roasting temperature was 
maintained at 700° C. instead of 600° C. The effect of 100° rise of temperature is 


_ clearly seen, yielding ferrite in excess of 100 per cent. over the figure obtained when a 


temperature of 600° C. was maintained. The solubility also falls materially. 
63.32 g. Fe X 0.584 = 1.935 g. Zn theoretically insoluble. 


the zinc is present as marmatite plus the usual admixtures, including 
free pyrite. 

Series 3, Table 3.—ZnO.2FeS.2, 625° C. In this test the percentage of 
ferrite falls scarcely at all, with increase slightly and uniformly with 
increase of iron (see Fig. 3). 

Series 4, Table 4.—Ferrite falls uniformly. 

Series 5, Table 5.—ZnS.2FeS2, 625° C. There is a much smaller 
amount of ferrite formed in roasting this mixture, because of the large 
amount of SOs, which inhibits or decomposes the ferrite. The zinc 
solubility is quite high for the zero excess of iron, falling to a constant 
of 64 per cent. for 80 to 100 per cent. excess iron (see Fig. 5). 

Series 6, Table 6—ZnS.FeS2, 600° C. The characteristics of this 
test are similar to those of Series 5 except that the blende is increased to 
100 per cent. excess instead of the pyrite and the temperature maintained 
at 600° C. instead of 625°. The results show an increase of ferrite for 
each increase in ZnS. 

Series 7, Table 7.—Zn.2FeS2, 700° C. The characteristics of this 
test are the same as Series 6 except for temperature, which was main- 
tained at 700° C. There is a decided lowering in the zine solubility and 


elevation in the percentage of ferrite formed (see Fig. 7). 
Trans. (1929)—15. 


AL | >| Mey 


Sample Number..........- 


Blende, grams......... 
12Niguunoveriad a he\a Ae oe 
Zn in mixture, grams... 
Fe originally present 

in blende, grams..... 
Total Fe in calcine 


Zn in calcine, assay 
PELICCING ee nia re ishei woes 

NH.ClI sol. Zn in cal- 
cine, assay per cent.. 

Fe in calcine, assay per 


Zinc insol. in NH,Cl 
determined, grams... 
Zn insol. (theoretic) 
(grams Fe X 0.584), 


Ferrite formed (theor- 
etic), per cent....... 
Zine insol. (NH4Cl) per 
gram Fe, grams..... 


0.645 


0.0600} 0.0600) 0.0600) 0.0600 
0.2376) 0.3264| 0.4152) 0.504 
61.20 | 58.80 | 56.80 | 53.80 
60.00 |57.40 | 55.30 | 52.20 
2.02 | 3.29 | 4.05 | 4.66 
98.05 |97.70 |97.40 | 97.10 


0.1135] 0.1338| 0.1514) 0.1687 


0.1386} 0.1905}. 0.2425| 0.2940 
81.90 | 70.40 | 62.50 57.40 


0.478 | 0.410 | 0.365 | 0.335 


Series 8A and B, Tables 8A and 8B.—Blende and pyrite in great 
variation of the latter from small to large amount were mixed and 
roasted 8 hr. at 625°C. The results show that for a very small amount of 


Fe the ferrite formation is greatest. 


This gradually recedes for increased 


amount of FeS.. With extremely small amounts of FeS, there is indi- 
cated a compound 2ZnO.Fe.O3; under certain ratios (see Fig. 8). 


sai 


lt of Roasting Blonde with Very Small Abu of Pyrite 
Progressively Increased 
Roasted 8 Hr. at 625° C. Rabbled Every 10 Min. 
Fe = 0.6 Per Cent. 


Zn = 58.23 Per Cent. 
Pyrite Fe = 44.40 Per Cent. 


Reagents: Blende 


- Sample Number. .eseee sees sey 8 | 9 | 10 | 11 | 12 | 13 
Blend eyETAMSie «nis.ccece 5. « 7.0 “9 G0 7.0 Uosl 7.0 
Pyritespgrams:........... 0.875 1.050 1.225 1.400 1.750 2.1 
Zine in mixture, grams....| 4.075 4.075 | 4.075 | 4.075 | 4.075 4.076 
Fe in blende, grams....... 0.0420} 0.0420; 0.0420) 0.0420) 0.0420) 0.042 
Fe in pyrite, grams....... 0.3885 | 0.4662) 0.5440) 0.6220) 0.7775) 0.933 
Total Fe in calcine, grams| 0.4305) 0.5082} 0.5860! 0.6640| 0.8195} 0.975 
Total Zn in calcine, assay 

Percents IF. FSIS .| 52.90 48 .90 48.60 47.10 46.40 46.00 
NH.Cl sol. Zn in calcine, 

assay per cent....... ace ts Uni 1) 47.21 46.75 45.15 44.35 43.7 
Fe in calcine, assay per| 5.58 6.03 6.98 7.67 9.32 120 


Zn solubility in NH.Clsol.| 96.80 | 96.60 | 96.30 | 95.70 | 95.58 95.1 
Zn insol. in NH,Cl (deter- 


mined), grams......... 0.1304] 0.1385! 0.1527} 0.1662} 0.1800} 0.19 
Zn insol.- (theoretic) : 

(grams Fe X 0.584), 

PTAGIS ME Me NaS 0.2515) 0.2970) 0.8421] 0.3880} 0.4770} 0.570 
Ferrite formed, per cent. | 

Obs HOOLEICs. wc, 6 sacs eya059 51.80 46.65 44.46 42.85 37.78 35.00 
Zn insol. (NH,Cl) per 

gram Fe, gram .......> 0.303 0.2725) 0.2608] 0.2505] 0.2200} 0.204 

DISCUSSION 


U. CG. Tainton, Kellogg, Idaho.—I would like to ask Mr. Hanley if he has made 
any tests on the solubility of ferrites as affected by temperature. I have been coming 
in contact with that in a rather pronounced way lately. We have been roasting an 
ore in which the zinc is present entirely as marmatite. All of the iron is already 
combined with zinc and in the roast it has been difficult to avoid a local high tem- 
perature when the ore drops from one hearth to another. I believe that is the reason 
for the result that we have observed, that from this particular ore the ferrite is most 
unusually insoluble. A treatment of 1 hr. with 10 per cent. acid makes very little 
difference in it. We have had to lengthen our leach to 3 hr. and use 15 per cent. 
acid in order to effect a substantial decomposition. I believe the reason of that is 
the local high temperature in the furnaces. Has Mr. Hanley any information that 
would bear on that subject? 


H. R. HanitEy.—No, I have not, as far as any detailed statement, except that 
the high acidities will usually affect the solution of ferrites which are normally quite 
insoluble in weak acid. I have made no specific tests except here and there to show 
that these compounds which were normally insoluble in weak acid would be soluble 


in high acid—say above 15 per cent. 


ee Te 


ity te sth A all of our zinc carries 


of the zinc if we make the field sufficiently strong. 


roaster floor became a little too zealous one day ae teased his field to Fs imi 
and picked up practically everything off the belt, so that there was no oxide portion - 
at all. Everything went into the ferrite portion. 


We find that the solubility of the ferrite is fairly definitely a function of its , ; ‘ 


magnetic susceptibility. In other words, the more magnetic a ferrite is the more 
difficult it is to dissolve in acid. As you get toward the less susceptible ferrite, it — 
is fairly easily decomposed with, say, 6 or 8 per cent. acid, but the highly magnetic 
part of the ferrite is often hardly to be broken down with long agitation with strong 
acid of 15 per cent. or more. 


E. L. Joraensen, Irvington, N. J.—I am not experienced in zine roasting, but 
I have had some experience in copper processes. Great similarity seems to exist. 

About 15 years ago, at the plant of the Braden Copper Co. in Chile, we started 
our roasting with table concentrate and obtained certain specific results as to copper 
ferrites corresponding to the zinc ferrites. With the advent of oil flotation the grain 
size of the concentrate materially changed. We expected improvements in the roast- 
ing of the finer grains, but found the opposite to be the case. The difficultly soluble 
copper increased and more iron had to be dissolved to obtain a good extraction 
of copper. 

This extra iron came from ferrites that had to be decomposed. Sizing tests of 
the roasted material showed that ferrites increased with the fineness of the material. 
Under the microscope the finer particles showed complete fusion. 

To improve results we had to decrease the temperature of roasting, reduce the 
speed of the rabble arms and increase the thickness of the bed of material in the roaster. 

These results suggested, I think, the consideration of separate roasting of different 
grain sizes where conditions would permit it. 


U. C. Tainton.—We made quite a number of investigations of the solubility of 
the ferrites in zinc ores, leaching out the copper compounds with ammoniacal ammo- 
nium chloride until no more copper was soluble, and then we could regard the remain- 
der of the copper as ferrite. We found, by drawing a curve of the solubility of that 
copper in increasing strength of acid, that the curve was much steeper than in the case 
of zinc ferrite. Copper ferrite would give a very low extraction with an acid strength 
of, say, 2 per cent. I think about 30 per cent, extraction would be the starting point 
with 2 per cent. acid, and by the time the acid strength was increased to 10 per cent., 
it would raise the extraction to 99.9, or practically total solubility; but in the case of 
zinc where the solubility might be perhaps 78 per cent. with a 2 per cent. acid, it would 
only increase to about 92 per cent. with 20 per cent. acid. 


R. M. Roosrvett, New York, N. Y.—I have not heard anyone mention this 
paper as applying to cadmium. Cadmium recoveries at present are all the way from 
80 and 85 to 90 per cent. 


U. C. Tainron.—We have not made any actual investigations of the formation 
of cadmium ferrite, although I imagine that it probably is formed, but the solubility 
of the cadmium seems to follow very closely that of the zinc. Its behavior as regards 
increasing acid strength and as regards the effect of temperature seems to be very 
closely parallel to that of zinc. 


H. R. Hantey.—The solubility of cadmium in the Joplin field in the ores contain- 


ing around 0.3 to 0.35 per cent. cadmium is. about 85 per cent., roasting around 
temperatures of 675°. 


point ay 
es the frets oF Res eet the War Berehate of tans Dp: 
may be increased to nearly 1000° C., whereas the normal temperature of the 
ace is probably around 600° or 700° C. arin the objecti is to keep down the forma- 
_ tion of ferrite, or rather ferrate. I semua that Thomas French gave us information 
on that same point some years ago.? 


U. C. Tainton.—Zinc ferrite, if fused in an electric furnace, becomes insoluble in 


oh 


a “every acid known, including hydrofluoric. In these furnaces with as many drop holes _ 
as we are making nowadays the ore gets much more suspension roasting than it used 
to get in the old furnaces with a few drop holes, and each particle has a much greater __ 
_ chance of flashing than it used to have. an 
We are converting one of our roasters at Kellogg now to a down-draft roaster with 
_ the idea of decomposing ferrites with the SOz and then adding sulfite to the lower 
hearths to obtain the roast reaction, decomposition of the sulfate by the sulfite and so 
bring back to oxides. That, of course is not our idea. That was developed in the 
_ furnace, and we are trying it out. 


. 2T. French: Roasting Zinc Ores for Electrolytic Reduction. Eng. & Min. Ini. 
(1922) 113, 236. 


Blast Roasting at Cerro de Pasco 
By Guenn A. Keep,* La Funpicion, Peru 


(New York Meeting, February, 1929) 


Tris paper is not an announcement of the successful conclusion of the - 
Cerro de Pasco Copper Corporation’s pacos-pyrite problems, but merely 
a description of the commercial-scale, intermittent-roasting operations 
conducted by the writer, J. H. Lucas and others of the staff. It was 
prepared by request, for presentation at the February meeting of 
the Institute. th nbd ' 

The results obtained in Peru confirm the 1-ton-a-day experiments 
completed about three years ago at Kearny, N. J. by C. C. Gordon and 
Mr. Lucas, where it was first demonstrated that a mixture of about 80 
per cent. pacos ore with 10 per cent. pyrite ore and 10 per cent. salt could 
be roasted intermittently in a small 1-ton-a-day Holt-Dern furnace with- 
out extraneous fuel, producing porous calcine that could be leached 
rapidly. Mr. Keep and his staff, by successfully introducing improve- 
ments in the construction of the commercial furnace and in their handling 
of material, have established beyond doubt a low cost for roasting. The 
other steps in the process of treating pacos and pyrite ores have not as yet 
been demonstrated as sufficiently conclusive to warrant their acceptance 
for a permanent plant. 


CrRRO DE Pasco ORES 


The ores of the Cerro de Pasco Copper Corpn. at Cerro de Pasco, 
Peru, are situated at an altitude of 14,000 ft. The town and mines are 
served by the Cerro de Pasco Railroad, which operates between Cerro de 
Pasco and Oroya, the site of the company’s copper and lead smelters. 


TaBLeE 1.—Average Analysis of Cerro de Pasco Ores 
Pacos Orn Pyrite ORE 


BIE O0) 09.15 «pik ecyy ain a0 6s a ne tec «eee ee 10.3 12.0 
ROM 0, ire gases wig 0a im pmeitigaeln 8 a ete etme cans en 0.007 0.01 
LOHG; DOF CGI... corse + s/unbs sv a Rex Tin Woke ae eee 17 1.8 
Copper, per Cents, >. \cssnis.cws swe ales <taclimenee Oe 0.19 0.27 
Zine, per COM, i+ swaisn ded s WESwA VC ee ae ene 1.4 1.02 
Tron, per Gemtb.cusa%iers cele Gadittaln | Wee nee oie ne a 13.4 34.45 
Bilica, per cents. ssivaw tsa Ais cis Oe Ee eee eee 61.8 24.5 
Alumina, per cents... ¢)5.2tac cee ae eee 2.5 0.62 
Lime, per, conti. |... iil hag qaeeimicen a ps ae ban 1.5 0.20 
Manganese, per cent. : .:.. ..tj ican oleae ene 0.42 0.09 
Sulfur, per cents: 22s 5.000 be ae eee tt eee iN) 34.2 


* Superintendent, Pacos Pyrite Plant, Cerro de Pasco Copper Corpn. 
230 ; 


— 


The low-grade ores under consideration can be divided into two classes, 


namely, pacos ore and pyrite ore. The pacos ore is an oxidized surface 


capping, which overlies the unaltered sulfide or pyrite ore. The orebodies 


_ have been extensively developed by years of mining work supplemented 


by drilling. Many millions of tons await the advent of a successful 


treatment process. Average analysis of the Cerro low-grade ores is 


given in Table 1. 
METALLURGICAL INVESTIGATIONS 


During the past 5 years, efforts to solve the metallurgical problem 
presented by the Cerro low-grade ores have been concentrated on a 
chloridizing roast of the crushed ores followed by leaching with a 
brine solution. This work has involved the economical extraction of 
silver, copper, lead and bismuth contained in the pacos and pyrite ores. 
Covering a period of 2 years, a 1-ton test plant was operated in New Jer- 
sey with inviting results and subsequently a pilot mill utilizing commer- 
cial-sized units was constructed in Peru, with the object of further 
perfecting the process and at the same time of obtaining thorough and 


_ reliable data pertaining to metal yields and costs. 


Early experiments indicated good recoveries when the ores were 
chloridized in blast-roasting furnaces, using the sulfur in the pyrite ore as 
fuel rather than costly coal, oil, or gas. The thermal efficiency of a blast 
roaster is high because the air needed for combustion of the fuel is pre- 
heated in passing through the hot calcine before reaching the roasting 
zone and the charge above the roasting zone is heated by the hot gases 
leaving the roasting zone. In blast roasting the heat is generated in the 
charge itself and is uniformly distributed over the roasting zone. This 
permits very close temperature control and uniform operating results. 
The low temperature at which the gases leave the charge in blast roasting 
reduces volatilization losses to a minimum. The simple and relatively 
cheap construction of blast roasters and the low indicated operating and 
repair costs made the blast roasting in Holt-Dern type roasters 
very promising. 


CoNSTRUCTION OF ROASTERS 


In previous installations, Holt-Dern roasters have been constructed 
wholly of concrete, but after due consideration it was decided to employ 
steel in erection of the pilot plant roasters. A general conception of the 
appearance and construction of these furnaces can be gained from Fig. 1. 
The roaster consists essentially of four components: an overhead charge 
bin, a roasting zone, a Ralleiaety po 0, hopper and the grates and 
drive mechanism. 

The design and construction of the roaster grates together with their 
driving machinery are the most important features of the Holt-Dern type 


roaster. Mechanical action of tl 
cally presented in Fig. 2. 
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Fie. 1.—Srcrions THROUGH ROASTER, 


When operations were started in the pilot mill, the rocking motion 
of the grates was insufficient to afford a quick discharge on the rather 
hard calcine. By increasing the length of the drive cranks, the grate 
throw was increased to 80°, which insures a total time of discharging and 


AT.ANN > — a 929 
GL NIN) “Ay Ot a oe % es at 7 
pers ote ren —_ bine, 


nat ae Sha oa . we ' >. 

ng of 15 to 20 min. Augmenting the grate throw resulted in 
_ discharge of larger calcine lumps varying from 3 to 4 in. dia. How- — 
_ ever, these lumps were leached without difficulty, with satisfactory ; 
_ metal recoveries. i oe; ; 
q Construction of the cast-iron grate bars is shown in Fig. 3. The old 

_ style bars have teeth on both sides with solid ribs at top and bottom. 
When the top rib is worn, the bars are reversed so as to bring the bottom <7 
rib into action. When both ribs are about one-half worn away, the grate 

bars are recast into new ones. ; 


Fic. 2.—SIDE ELEVATION OF DRIVE MECHANISM. 


The action of the rocking grates causes the roasted charge to heave 
and break into large pieces. Caught between the grate ribs, the calcine 
is then crushed and passes into the receiving hopper from which it can be 
removed to suit the convenience of the operator. 

As shown in Fig. 3, the construction and action of the old style grate 
make it possible for calcine lumps of certain sizes to ride between the 
grate bars. They are not crushed by the rocking grates and are still too 
large for passage through the discharge openings. A new grate bar, indi- 
cated in Fig. 3, has been designed to obviate riding lumps and to secure 
more rapid discharge. The new bars are spaced in the same way as the 
old bars, but having no side teeth they will discharge lumps of larger size, 


: 
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the shafts pass through the roaster sides. The reciprocating crank pie 


Ae small gain in rire capacity. f 
To avoid a smoke nuisance on the ev acre it necess 

avoid gas leakage around the grate shafts. Generally, thi i 

roaster has been provided with a partial stuffing box at the noite wi 


have been mounted directly against these stuffing boxes so that tightening * 


COLO STYLE GRATE SAE. 


di nee eS 
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of the stuffing gland was not possible. Also, in this design the stuffing 
boxes on the drive side of the furnace acted as bearings taking the thrust 
of the drive mechanism. This driving thrust entailed considerable wear 
on the combined stuffing-box bearing and as the gland could not be tight- 
ened, leakage of gas ensued. 

It appeared that this arrangement was subject to improvement. 
Hence the pilot plant roasters were provided with standard stuffing boxes 
and glands, which can be tightened as occasion demands. The thrust 
from the driving mechanism was absorbed by outboard individual bear- 
ings. Dealing with rather hard calcine, experience soon demonstrated 


7 ; Pthat it was dimeale 7 hold these Paadities in place. 
_ individual bearings were replaced by a cast-steel outboard thrust-bearing 


Accordingly the 


block, as shown in Fig. 3. The present roaster design is successful in 
preventing gas leakage and also handles the heavy driving thrust in a 
‘satisfactory manner. 

_ Next to the grates in importance is the size, depth and shape of the 
roasting zone. In the original installation, roaster sides were given a 
slope of 1 in., making the cross-section at the grates 2 in. larger than at 
the top of the roasting zone. 

Using only pyrite as fuel in the mix, the resultant calcine is harder 
than usually obtained in Holt-Dern roasters. Furthermore, during 
roasting the charge swells and presses out against the roaster sides. 
Consequently, on starting the grates, the bottom of the roasted calcine 


_ body was undercut, while the main body of the calcines hung up and 


refused to drop down on the rocking grates. Considerable labor was 
then required to cut a channel through the roasted calcine, and in this way 
force it to drop on to the grates. This difficulty was corrected by materi- 
ally increasing the angle of slope on the sides of the roasting zone. This 
procedure reduced the volume of this zone and, to compensate, the depth 
was slightly increased. Present inside dimensions at the top are 5 ft. 4 in. 
by 9 ft. 514 in. and 6 ft. 214 in. by 10 ft. 214 in. at the grate level with a 
vertical depth of 33 inches. 

Generally, the sides of the roasting zone in Holt-Dern roasters have 
been constructed of concrete, and it has been necessary to reline such 
roasters at intervals of 6 months to 1 year, with resultant expense and 
loss of roasting capacity. When side slope was increased in our roasters, 
cast-iron liner plates 34 in. thick were installed on the sides by bolting 
them over the concrete lining. These plates show practically no wear or 
corrosion and indications point to a life of many years. Our roasters 
have never been relined. Since the side slope has been increased, roasted 
charges do not hang up in the roasting zone after the grates are 
put in action. 

The roasting zone in our furnace is 33 in. deep. In order to deter- 
mine the effect of roasting a deeper bed of charge, one roaster was 
remodeled to take a 45-in. bed. The operation of this roaster demon- 
strated that it requires proportionally more time to roast the 45-in. bed 
than it did the 33-in. bed and the tonnage handled per roaster day was 
considerably less with a 45-in. bed than with a 33-in. bed. More time 
and labor are required to discharge the roaster when operating with 45-in. 
bed than with 33-in. bed. 

Two calcine-receiving hoppers were installed for our special purposes. 
Ordinarily only one calcine hopper of adequate size is necessary. How- 
ever, this hopper should be provided with airtight discharge gates in 
order to prevent gas leakage. 


for chloridization may be briefly described as follows: 

1. Mix of properly crushed ore is made with salt, water and fuel, 
either coal or sulfide ore. Fuel content should produce a resultant roast- 
ing temperature of 650° to 700° C. Addition of correct amount of mois- 
ture.is very important in yielding a porous mix which will allow passage 
of air through the charge. 

_ 2. In starting the roaster, a bed of kindling wood about 10 in. deep is 
spread over the roaster grates and ignited. A small amount of air 
is turned under the grates and the wood is allowed to burn to a mass 
of glowing coals. Then some mix is shoveled on to the hot coals, more 
air furnished, and in this way a bed of roasting ore about 6 in.deep is ob- 
tained. From the overhead mix bin, a foot of green mix is drawn into the 
furnace; and so on, until the roaster is filled. > 

3. When the charge is roasted through on top, air is shut off, roaster 
grates are started in action and the charge dropped about 22 to 24 inches. 

4. Hot calcines 12 to 15 in. deep remain on the grates. After spread- 
ing the red hot calcine evenly over the grate area, a full charge of mix is 
drawn into the roaster from the overhead bin. The new charge is leveled 
on top and air pressure turned back on the roaster. 

5. The new charge is ignited from the hot bottom layer and proceeds 
to roast through to the top, thus completing one cycle. 

Nine to ten cycles per day are made on our roasters. Charts from a 
recording air-pressure gage clearly indicate the number of cycles, air 
pressure and time consumed in discharging and reloading the roaster 
between cycles. 


Importance of Good Mixing 


Holt-Dern roasters will function very well when provided with prop- 
erly mixed charges, hence the secret of successful roaster operation may 
be said to lie in the mixing department. Poorly mixed and proportioned 
charges will cause all sorts of trouble in the roaster; insufficient fuel 
results in low temperatures with the chance that the roast may die out 
or speed of roasting be reduced; a high fuel ratio may cause the charge to 
fuse and sinter, in which case it will require much barring in order to 
make the sintered calcine discharge through the grates and, moreover, 
values in sintered calcine will not be fully recovered in subsequent 
leaching operations; porosity of the charge as determined by the moisture 
content must be correct or the roasting speed will be reduced and a severe 
irregularity in this respect may result in loss of the fire. 

In view of this situation, much consideration was given to the design 
of mixing equipment which would insure uniform roaster charges at all 


' The modus operandi covering apeauines of a Spb ienaraitie furnace 
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times. Ores are crushed dry to pass an 8-mesh screen with 0.084-in. 

_ square openings, and after passing automatic samplers, the fine-crushed 
-mnaterials are stored in overhead steel cylindrical bins. There are three 
bins for pacos ore, two bins for pyrite ore, and one bin for salt. Assays 


are obtained upon all aoe in these bins before the batch weights 
are computed. 

The batch for the mixer is drawn from the proper bins into a traveling 
weight car, which discharges into a concrete mixer of 1 cu. yd. capacity, 
fitted with dust doors. The batch is mixed dry for 1 min., then a weighted 
amount of water or weak mill solution is run into the mixer. After 
further mixing to incorporate the moisture uniformly the batch is dis- 
charged into a skip and hoisted to the roaster mix bins. 

’ The damp mix will not slide on a 45° angle and tends to stick and build 
up in the buckets of an elevator. The skip handles the finished mix 
without any operating troubles. 

It was found that the pacos ore varied from 0.5 to 3.5 per cent. 
sulfide-sulfur when handled in lots of 90 tons. This variation from bin 
to bin required the figuring of charges for each lot of pacos ore. . This was 
not serious, but variations of sulfide-sulfur from bottom to top of the same 
bin could not accurately be considered in computation of roaster charges. 
This condition was not fully satisfactory, and so, for over a year, receipts 
of pacos ore have been made into 3000-ton ore beds. In this way pacos 
ore for the mill is obtained which does not vary greatly in its fuel value. 

The blast roasters are operated with pyrite only as fuel. The opti- 
mum mix for our conditions is as follows: sulfide-sulfur, 4.9 per cent.; 
moisture, 7.0 per cent. With this fuel and moisture content, the charge 
will roast at a temperature of 650° to 700° C., when furnished with an air 
pressure of 16 oz. Variations of 4.7 to 5.2 per cent. sulfide-sulfur, and 
6.8 to 7.3 per cent. moisture are permissible, and it is easily practical to 


“hold the mix within these limits. 


Roaster Capacity 


In previous Holt-Dern roaster installations, the average daily capacity 
of one furnace has been 22 to 25 tons of ore. Our furnaces will average 


‘88 tons of dry ore per day and on several occasions the monthly average 


has been 40 tons or over per day. 

One reason for this increased roaster capacity lies in the fact that 
Holt-Dern equipment has always functioned on air pressures of 8 to 9 oz. 
while our furnaces operate with 16-o0z. pressure. It was considered that 
pressures higher than 8 or 9 oz. were not practical because of the tendency 
for blowholes to form in the roasting zone. However, with a carefully 
designed mixing department to insure uniform fuel value and porosity 
in the mix charge, our experience indicates that blast roasting can be 


ending troubles. by a . 
pressure centrifugal blower ed at 3600 r. p. m. 

While it has been common practice to blast roast a oe ae 
fine coal as one constituent of the mix, our fuel is sulfide-sulfur only, and 
observations lead us to believe that the speed of roasting is faster when 
sulfide-sulfur alone is used as fuel. Attention has already been called 
to the fact that Cerro blast-roasted calcine is unusually hard. Experi- 
ments have been conducted with the view of producing a softer product. 
Fine coal was substituted as part of the necessary fuel and the amount of 
sulfide-sulfur was correspondingly decreased. The resultant calcine was 
much softer and the time of discharging was reduced with less labor, but 
the speed of roasting was not as fast, and there was a decrease in roaster 
tonnage. Furthermore, it is desirable in our case to utilize pyrite ore as 
fuel, not only to save the cost of coal but also to recover values from the 
Cerro low-grade pyrite ore. = 

An attempt was made to obtain softer calcine by reducing the mois- 
ture content of the mix. As the moisture content was gradually reduced 
there was retardation in the rapidity of roasting, and finally the green 
mix over the roasting ore became very wet from condensed vapor. These 
rather dry mixes acted in the same manner when roasted in the laboratory 
roaster. Explanation of this rather peculiar occurrence does not seem 
difficult. Porosity of the mix is reduced, hence less air passes through the 
roaster charge and consequently there is loss in roasting speed. The 
quantity of air can thus be curtailed until it no longer has the capacity to 
evaporate and carry away the moisture expelled by roasting. Obviously, 
dry mixes were not a solution of the hard calcine problem. 


Control of Operating Costs 


It is obvious that any means of decreasing the time and labor required 
for discharging a roaster will be reflected in lower operating costs. Pro- 
duction of a softer calcine would effect this result, but since the use of 
pyrite ore as fuel yields a hard calcine it is believed that the desired condi- 
tion can be obtained by discharging larger lumps through the grates by 
the use of an improved grate box, as illustrated in Fig. 3. When chlori- 
dizing in a blast roaster, only a small percentage of the chlorine contained 
in the mix is eliminated during the roasting operation. Covering opera- 
tions of 1928, the chlorine of the mix averaged 4.89 per cent. while the 
roaster calcines averaged 4.27 per cent. chlorine. The difference, or 
chlorine lost in the roasters, was 0.62 per cent. 

Chlorine contained in the roaster calcines is dissolved in the leaching 
tanks, consequently the volume of salt solution increases in the mill 
circuit. As it is not economical to discharge waste salt solution, other 


= Fide of aa on Be ae of ee ore in the mix has been edited from 
_ 9 to 7 per cent. salt (88 per cent. NaCl) without any detrimental effect on 
subsequent metal recoveries. Weak wash solutions obtained as the last 
effluent when leach tanks are washed at the end of the leaching cycle 
have been segregated. This weak solution constitutes all wash effluents 
from 15° to 3° Bé. and is utilized for moistening the mix, instead of water. 
Salt equivalent to that contained in the weak solution is deducted from 
-the amount of fresh salt added in the mixer charge. By.this procedure 
it is practical to control solution volume without waste. 

On account of the sulfide-sulfur content of pacos and pyrite, the pro- 


portion of each in the mix to give proper roasting conditions and resultant — 


calcine is in the ratio of 88 per cent. pacos to 12 per cent: pyrite. As the 
ore deposits occur in a different ratio, large-scale experiments have been 
conducted in the mill with the object of treating a greater proportion of 
pyrite. As previously explained, the roasted calcines contain 4.27 per 
cent. chlorine, which can be utilized for chloridization of more ore. With- 
out addition of more salt, the roasted calcine is remixed with water or weak 
solution and with sufficient fresh pyrite to furnish the requisite fuel value 
in the mix, which is then ‘‘reroasted.”” This reroasting can be carried 
on three or four times until the pacos and pyrite ores are handled on a 
50-50 basis. The saving in salt cost can be applied against the expense 
of reroasting so that the actual additional cost of this procedure is 
rather low. 

Six leach tanks—about 350 tons of calcine reroasted as described— 
were treated by regular methods in the leaching department with an 
increase of 3 per cent. in silver extractions. Therefore, it appears that 

f reroasting tends to give more thorough chloridization. In operation of 
Holt-Dern roasters, more or less green unroasted ore will be discharged 
with the calcine and reroasting reduces the proportion of such unroasted 
material in the feed to the leaching tanks. 

Based on experience in the pilot mill, it is our opinion that blast 
roasting can be accomplished at Cerro de Pasco at a cost of 10 c. per ton 
of ore, exclusive of salt expense. 
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DISCUSSION 


U. C. Tarnton, Kellogg, Idaho.—We have always supposed that a zinc concen- 
trate roasted by a sintering method or blast roast of any sort, whether Dwight-Lloyd 
or Greenawalt sintering machines, or Holt-Dern roasters, would naturally give a 
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Government Potash Exploration in Texas and New Mexico* 


By G. R. Mansrietpf anp W. B. Lana, t Wasuineton, D. C. 


(New York Meeting, February, 1929) 


Tue third year of Government exploration for potash by the U. S. 
Geological Survey and the U. 8. Bureau of Mines under the authorization 
of the act approved June 25, 1926 (Public 424-69th Cong.) is drawing to 
a close. The results thus far obtained are thought to be sufficiently 
interesting and satisfactory to justify the presentation of a brief pre- 
liminary account of the work. 


Review oF HARLIER HWXPLORATION 


The general geologic similarity of the Permian basin of Texas and New 
Mexico to the potash field of Germany had long ago suggested the 
possibility of the presence of potash salts somewhere in that basin, but 
petroleum exploration was then making little headway there and the 
necessary data could not be obtained. The discovery by Udden in 1912 
of potash in brine from the Spur well in Dickens County, Texas, was the 
first direct evidence of its presence. In 1915-17 the U. 8. Geological 
Survey drilled a test well with standard tools at Cliffside near Amarillo, 
but failed to find potash. Nevertheless, an observer has been kept in 
the field, at first in cooperation with the Texas Bureau of Economic 


Geology but since 1922 by the Survey alone, to secure data and samples 


from oil and gas tests. Since the discovery of oil in Reagan County in 
1923 exploration by drilling has been rapidly extended to many parts 
of western Texas and southeastern New Mexico. 

The identification of the potash-bearing mineral polyhalite was first 
announced by the Geological Survey in June, 1921, the material having 
come from cuttings from the Bryant well in Midland County and the 
Burns well in Dawson County, Texas. Successive discoveries and 
announcements of similar purport aroused widespread interest in potash 
exploration, which culminated in the action by Congress already noted. 


PERMIAN SALT BAsIn 


The Permian salt basin extends generally northeastward from western 
Texas and southeastern New Mexico through the Panhandle sections of 


* Published by permission of the Director, U. 8. Geological Survey. 
+ Geologist, U. 8. Geological Survey. 
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Texas and Oueheme and cross Kansas 1 rd ine 
of eastern Colorado. So far as known, iovert ey potash 

salts most likely to have commercial importance are confined Fi the 
southern part of the basin. The area in which they have been f ound 
occupies about 22 counties in Texas and New Mexico and covers about 
40,000 square miles. 


General Stratigraphy 


- The formations with which the potash-bearing salts of Permian age ~ 
are more directly associated are concealed throughout the basin. The 
mountains bordering the basin on the west and south are composed of 
rocks that are the correlatives of or that underlie the salt-bearing series 
and the same is true of the so-called Bend Arch that constitutes the eastern 
border. The basin in Texas and New Mexico is occupied in part by the 
Llano Estacado or High Plains, which is largely underlain by Cenozoic 
deposits. In its southward extension, the Edwards plateau, the surface 
rocks are chiefly Lower Cretaceous. Wells drilled in the interior of the 
basin may therefore pass through Cenozoic, Cretaceous (locally), Triassic 
and some Permian beds before reaching the saline members, whereas 
toward the margins all but the overlying red beds of the Permian may 
be absent. These stratigraphic differences, together with structural 
relations to be noted presently, cause the depth of the “top of the salts” 
to vary in different parts of the basin from 300 ft. to more than 2000 ft. 
The thickness of the salt series (salt and associated beds) in the Means 
well in Loving County totaled more than 3500 ft., though in general 
over an area comprising hundreds of square miles it approximates 1000 
ft. The thickness of the Permian strata in the regions bordering the 
basin, where they pass beneath the younger rocks that form the surface 
of the High Plains, ranges from about 4000 to 10,900 ft. The rocks 
above the salt beds within the basin consist chiefly of limestones, sand- 
stones and red sands and shales with some gravelly or conglomeratic 
material, but those beneath the salt series, which also includes anhydrite 
in the lower part, are chiefly limestones. 

The formations on the east and west sides of the basin have been 
studied and classified by numerous geologists, but the two areas of expo- 
sure are 200 miles or more apart, the sequence of formations is not the 
same, and agreement regarding their correlation has not been reached. 
Within the salt series itself are many beds of anhydrite and common salt 
with which are interbedded thinner layers and lenses of potash-bearing 
salts. At some localities it seems feasible to match beds of possible 
economic importance in wells a few miles apart. Elsewhere it is known 
that these beds thicken and thin or disappear within relatively short 
distances, so that sequences in neighboring wells differ and it may be 
difficult if not impossible to determine the correspondence of beds. 
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General Structure 


The Permian salt basin is a geosyncline, which still retains its general 
synclinal form. ‘There were, however, crustal movements affecting land 
areas to the east during the epoch in which the salt beds were being 
deposited, for extensive wedges of red clastic material extend westward 
from the eastern margin far out into the basin. These are separated 
from each other by beds of dolomitic limestone and blue shale that die 
out eastward. Minor movements within the basin during deposition 
are also suggested by these stratigraphic differences. After the Permian 
beds were laid down the region was subjected to further disturbances, 
which permitted partial erosion of these beds and the deposition of 
sediments of later age upon the gently beveled edges of the earlier rocks. 
Such disturbances were repeated at least twice before the present struc- 
tural status of the region was assumed. ‘The structure of the overlying 
beds therefore differs from that of the Permian itself. Moreover, there 
are structural irregularities in the floor of the basin, some doubtless 
induced by the. movements mentioned and others which perhaps are 
original and may have constituted barriers sufficiently persistent to have 
played a part in the localization of evaporation pans in which salts of 
various kinds were deposited. Such a barrier may have been responsible 
for the apparent greater abundance of chloride salts of potassium in 
southeastern New Mexico than in Texas. From present evidence the 
two regions seem to have been subjected to variations in deposition that 
differ in degree. 


Structural Details 


In Germany the potash salts that are mined are largely associated 
with salt domes, and salt domes have recently been recognized in Alsace, 
but in southwest Texas and southeastern New Mexico none have thus 
far been discovered. Salt domes are important structural features of 
the Gulf coastal region of Louisiana and Texas, and one of these in Mata- 
gorda County, Texas, has yielded potash salts at a depth of 4800 feet. 

The principal structural features that have thus far had a bearing 
on the location of drilling sites during the present investigation lie in 


1H. W. Hoots: Geology of a Part of Western Texas and Southeastern New 
Mexico, with Special Reference to Salt and Potash. U.S. Geological Survey Bull. 
780 (1926) 33. 

2 —. C. Edwards: Stratigraphic Position of the Big Lime of West Texas. Amer. 
Assoc. Petr. Geol. (1927) 11, 721. 

3B. H. Sellards and E. P. Shock: Core-drill Tests for Potash in Midland County, 
Texas. Univ. of Texas Bull. 2801 (1928) 159. 
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McCamey-Connell fold. The first of these extends from Lea ( ount 
New Mexico, southward and southeastward into Crockett County, Texas, — 
and the second from southwestern Ector County, Texas, southeastward 
into northwestern Crockett County (see Fig. 1). Although the salt beds 
usually rise toward the surface eastward and westward from the depths 
of the great synclinal basin, the zones just outlined, which lie in the 
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Fia. 1.—Trxas-New Mexico POTASH AREA, SHOWING LOCATION AND RESULTS OF 
CORE TESTS. 


western half, seem to represent arches or anticlinal folds, for the depth 
of the salts increases on both sides of them. The McCamey-Connell 
fold has attracted more attention than the other in this investigation 
because of its earlier discovery and because of the relatively abundant 
potash data that it has furnished. Perhaps corresponding information 
may later be obtainable from the Hendricks- Yates fold. 

Conditions in New Mexico suggest that a more or less separate basin 
of deposition and desiccation persisted in that region. Possibly other 
similar basins may be found elsewhere as subsurface data become 
more abundant. 


4A. R. Denison: Personal communication. The authors are indebted to Mr. 


Denison for helpful criticism of this paper and for the delineation of the T i 
of the Hendricks- Yates fold. ee 
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Sart ACCUMULATION IN THE PERMIAN BASIN 


General Conditions of Accumulation 


The salt series itself has thus far yielded no fossils but the rocks 
underlying it are definitely marine in origin and the apparent succession 
of the saline beds, as will be noted later, suggests deposition from marine 
waters rather than from inland seas not related to the ocean. It is 
supposed, therefore, that at the time when the salt series was being laid 
down the Permian salt basin was a great shallow arm of the sea that 
maintained at least intermittent connections with its parent body and 
received such inflow from the land as the arid climatic conditions of the 
time permitted. Evaporation from the surface of the basin in general 
exceeded inflow from any source for protracted periods, as indicated by 
the enormous extent and thickness of the salt beds. The succession of 
salts within the salt series indicates, however, that recurrent supplies 
of fresher water were available many times during the period, either 
through variation in climatic conditions or because of gentle crustal 
disturbances which enlarged or reduced the channels connecting the 
basin with the sea. Both sets of conditions were doubtless operative 
many times. Such changes altered from time to time the size and posi- 
tion of successive desiccation pans within the basin. Moreover, the 
structural relations and the saline beds in southeastern New Mexico 
suggest that the main basin itself may have had subordinate arms with ~ 
which its connections were intermittent or occasional, and which repro- 
duced in miniature or in a more intensive way the conditions within 
the main basin. 


Succession of Salts 


In the Permian salt basin the succession of salts is a complex problem, 
but certain general deductions may be made from facts already observed. 
First, the great extent and thickness of the beds suggests the ocean as 
the most probable source of the salts. Next, the succession anhydrite, 
polyhalite, halite and finally, in some places, more soluble minerals 
suggests deposition by evaporation from marine waters rather than from 
the waters of inclosed or entirely land-locked basins. The salts from 
such basins ordinarily include considerable amounts of calcium or mag- 
nesium carbonates and sulfates of sodium, calcium, and magnesium, 
together with borates and other salts not so commonly found in saline 
residues from marine waters. Again, the repetition of beds of clay, 
anhydrite, and halite in many of the cores indicates that the cycle of 
saline deposition was interrupted and renewed many times during the 
general period of desiccation. 


If the Permian salt basin may be Ze ated ee hee roiained cere = 
stationary and the inflow of oceanic waters continuous until a final 


closure permitted complete desiccation of the waters, accumulation of 
potash salts would naturally be expected in the deepest parts of the basin, 
presumably centrally located, where the salts were thickest. If, however, 
as suggested, there were tilting or other crustal disturbances beneath 
the basin, the positions of the so-called salt pans holding the mother 
liquors, from which potash salts might crystallize out, would shift in 
adjustment to these disturbances. Under such conditions potash salts 
might or might not be found in the central portions of the basin. Again 
if there were marginal depressions or embayments subordinate desiccation 
basins might be formed in which the cycle of saline deposition might 
advance farther in a given time than in the main basin itself. Changes 
of climate would operate to check or to accelerate the cycle of deposition 
in the main basin or its subordinates, depending on the nature of the 
change, its duration, and the size of the evaporation area affected. Thus 
instead of the simple conditions first postulated one would expect to 
find numerous cycles of saline deposition in different stages of completion. 
Potash salts, such as polyhalite, which represent earlier stages of con- 
centration, would be widely distributed, whereas sylvite, a product of 
~ longer continued concentration by evaporation, would be much more 
’ localized and its position would have no necessary relation to the central 
part of the basin. These expectations appear to be fully met. Practi- 
cally every well drilled in the southern part of the salt basin encounters 
some polyhalite and the alternation of salts in all the cores shows that 
there have been many partial cycles of deposition. Sylvite, on the other 
hand, has been found at comparatively few localities and, so far as avail- 
able records go, it is less abundant in the central part of the basin than 
in some marginal areas. 


Secondary Changes in Salts 


Mineralogical studies of the cores are bringing out interesting relation- | 


ships among practically all the salts present. Anhydrite and halite 
appear to be primary minerals. Likewise some of the occurrences of 
polyhalite and sylvite indicate that they, too, occur as primary minerals 
in certain places. On the other hand, intergrowths of polyhalite and 
anhydrite, polyhalite and halite, halite and sylvite, halite and carnallite 
and other combinations show a wide range of replacement phenomena, 
which makes it fairly certain that much if not most of the potash salts 
present at any given locality are of secondary origin. Such a conclusion 
is to be expected in view of the large size of the basin and of the number 
and character of the movements to which it has been subjected. 
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- Conprrions AFFECTING SELECTION or DRILLING SITES 
Natural Conditions 


The solubility of sylvite and carnallite is so great that cuttings from 
the ordinary oil wells seldom show traces of either. Careful watch of 
drilling water, when the drill is penetrating horizons suspected of con- 
taining these chlorides may reveal sufficient changes in the composition 
of the water to suggest their presence but core drilling with a special 
chloride solution is essential in prospecting to show the number, char- 
acter, and thickness of beds containing these minerals. Even under 
these conditions cores containing sylvite and especially carnallite are 
strongly etched. Polyhalite, on the other hand, is relatively insoluble 
and pieces of it, through slight decomposition in the presence of water, 
surround themselves with protective coatings of gypsum. Polyhalite 
is thus commonly preserved in well cuttings and affords practically the 
only indication that oil wells give of the presence of potash at any locality. 
When a number of horizons yielding polyhalite appear in the cuttings 
from a well, and particularly when cuttings from one or more of these 
horizons consist of relatively pure polyhalite, the chances of securing 
sylvite or carnallite at the same site seem better than when the polyhalite 
horizons are few and the material of poor quality. 

Depth is another factor in the selection of drilling sites. In the 
absence of known salt domes and under the conditions already outlined 
there is no more reason for exploring the deeper parts of the basin in 
search for the more soluble potash minerals than for testing the shallower 
parts. With limited funds available it has seemed logical to test first 
those areas where polyhalite showings have been most favorable and the 
depth least. ‘The McCamey-Connell fold has furnished sites for about 
one-half the tests. Interesting results have been obtained. On the 
other hand, the deeper areas are not to be neglected: three of the wells 
either drilled or contracted for have been located in such areas. 

Although the surface generally tells little or nothing about subsurface 
conditions in this field, it has much to do with the practical matter of 
setting up and maintaining the drilling rig and its crew and with procuring 
and handling the supplies needed for the operation. Of two or more 
possible sites otherwise equally favorable that which has better trans- 
portation facilities and is nearer fuel and water will be selected. In much 
of the potash field fuel and water are scarce and must be hauled long 
distances over poor or temporary roads. 


Legal Restrictions 


The act of June 25, 1926, provided, among other things, that all 
owners or lessees of land or of mineral rights within a radius of one mile 
from any selected drilling site must sign contracts agreeing to reimburse 
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e given site could be s 
pete gave the Pada a of the Interior the rete | to pass upon prices 
that might be asked for such land if any sale or transfer were contem- A 
plated. No drilling contracts could be let until the preliminary con- 
tracts with owners or lessees were signed. 

In Texas, where there is no Government-owned land, the U. S. nen , 
of Mines, which assumed this part of the work, found it impossible to 
secure the agreements needed. Under these circumstances the Geologi- __ 
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Fig. 2.—TypicaAL TOWNSHIP IN SOUTHEAST NEw Mexico. AREA AVAILABLE 
FOR DRILLING SITES DOES NOT LIE ‘“‘WITHIN THE RADIUS OF ONE MILE”? FROM STATE 
AND FEE LANDS (SHADED). 


cal Survey and Bureau of Mines were automatically shut out from Texas 
and centered their attention on New Mexico, which still has many square 
miles of public land. Even here, however, the ‘‘mile radius” feature 
of the act proved a serious handicap and prevented the use of the best 
geological evidence in the location of drilling sites. Distributed among 
the Government lands are many tracts of state, school or railroad lands, 
homesteads, stock-raising homesteads, and lands affected by oil, gas, or 
potash permits, leaving only limited areas from which to choose. Fig. 2 
shows the operation of the ‘‘mile radius” in a typical township in 
New Mexico. 

As the difficulties of operation under the original act became apparent 
Congress passed an amendment (Public No. 759—69th Cong.) approved 
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e. March 3, 1927, which did away with ae “mile radius” and other objec- 
_ tionable feaaree but inserted a clause relating to oil which has hindered 

though it has not actually prevented the signing of contracts. This 

amendment made it practicable to include Texas in the exploration. 


New Mexico Core Tssts 


Selection of Sites—By the time the amendment was passed three 
sites in New Mexico had been selected by the Geological Survey and 
drilling at the first site was already in progress under the auspices of 
the Bureau of Mines. Two of the three sites were selected, subject 
to the limitations discussed, with the idea of finding the limits of an area 
in which a single core test on the McNutt permit in sec. 4, T. 2158., R. 
30 E., Eddy County, had yielded sylvite. The first site was about 22 
miles to the north of the McNutt site in sec. 18, T. 17 8., R. 31 E., the 
second about 12 miles north-northwest of the same locality in sec. 14, 
T. 20 S., R. 29 E., and the third about 11 miles due south in sec. 34, 
T. 22 S., R. 30 E. (see Fig. 1). Geology and well data had shown 
that the salt beds at these localities would be relatively shallow, and so 
it proved. At the first test the salts were reached at 760 ft.; at the 
second at 335 ft.; and at the third at 365 feet. _ . 

Depth and Recovery.—Few oil wells had been drilled in that part of 
New Mexico at that time and stratigraphic data were meager. All 
three wells were therefore cored from top to bottom. The first well 
was 1847 ft. deep; the second 1105 ft.; and the third 1505 ft. Of the 
first core, 94 per cent. was recovered. The recoveries for the second and 
third tests were 92 and 82 per cent. respectively. 


Texas Core TESTS 


Selection of Sites.—Oil-well drilling in western Texas has been very 
active in the past few years and potash in varying amounts has appeared 
in most of the wells from which cuttings were examined by the Geological 
Survey. On the whole, the McCamey-Connell fold extending from 
Ector to Crockett counties, as shown in Fig. 1, seemed to contain most 
of the wells with better showings and with shallower potash horizons. 
It was determined therefore to test this zone at intervals. Nine core 
tests have been drilled or contracted for in Texas. Of these the fourth 
test in southwestern Ector County, the sixth and seventh in southwestern 
Upton County, the fifth and eighth in northwestern Crockett County, 
and the eleventh in Crane County represent this structural zone. The 
ninth test in southwestern Reagan County and the tenth in northwestern 
Glasscock County are on the eastern flank of the basin. The twelfth 
test, in western Winkler County, is located in the trend of thickest saline 


deposition. Excellent showings of pe as] A y 
cuttings at these localities. 


the eleventh was drilling. A contract has been let for the Winkler 
County test. Of those completed the fourth is deepest, 2098 ft., and 
_ the eighth the shallowest, 1001 ft. In each of these wells the churn 
drill was used to prepare the way to the top of the salt and the core drill 
from that point to the bottom. The depth to the top of the salt ranged 
from 437 ft. in the sixth well to 1283 ft. in the tenth well. The footage 
cored ranged from 533 ft. in the eighth well to 1168 ft. in the fourth 
well. Recovery was 100 per cent. in all but the eighth, in which it was 
98.7. This is surely a remarkable record. 


Private ExpLoRATION STIMULATED BY GOVERNMENT AND STATE 
AcTIvITYy 


The discovery of potash in oil-well cuttings and the legitimate 
publicity given thereto by Government and state agencies gave oppor- 
tunity to some to foster land-leasing and stock-promotion schemes which 
flourished for a time and led to at least one prosecution for fraudulent 
use of the mails. Three attempts were actually made to core the salts. 
One was in southwest Reagan County and another near Odessa in 
Ector County. Through financial and other difficulties, both these 
tests were stopped before the salts were reached. The third core test 
was made in Loving County near the Means well and this penbrta te 
the upper salts. 

The publicity attendant on the proposal and final enactment of the 
potash exploration law by Congress stimulated various oil and other 
companies with holdings in that field to test their lands. Some of these 
companies allowed no public use of their results. Others have cooperated 
fully with Government or state agencies. 

American Potash Co. (New Mezxico)—In 1926 the Snowden 
McSweeney interests undertook core drilling on the McNutt permit in 
sec. 4, T. 21 8., R. 30 E., Eddy County, New Mexico, near the site of 
one of their oil tests, cuttings from which had yielded the first recognized 
evidence of the presence of sylvite in the Permian salt basin. The 
cores were studied in the laboratories of the Geological Survey and the 
results as announced in December, 1926, were so encouraging that the 
American Potash Co. was organized to undertake systematic core testing 
of a considerable tract in that region. Upto January, 1929, this company 


5V. H. McNutt: Potash May Make Dry Hole Profitable. Oil & Gas Jnl. (1927) 
43, 107, 111, 115, 118. 


‘Depth and Recovery.—At the ane of writing (January, er the 
fourth to tenth wells had been completed by the Bureau of Mines and 


E ea made 12 core tests on Reoverninent land and two on ie land within 
_. a radius of a few miles of the first test, all in Eddy County. Eleven of 


the cores from Government land have been studied by the Geological 
Survey for their economic content. 

Gypsy Oil Co.—Another organization that has interested itself in 
potash exploration in New Mexico is the Gypsy Oil Co., which has made 
four core tests on state land in Eddy County. This material has also 
been turned over to the Geological Survey and has been available for 
examination with the cores of the American Potash Company. 

American Potash Co. (Kansas).—A potash core test was drilled near 
Pratt, Kans., in 1928 by an independent concern called the American 
Potash Co. and the core was submitted to the U. 8. Geological Survey 
for examination. 

American Potash Co. (Texas) ay erie Gals as the Standard 
Potash Co., this concern reorganized in April, 1928, under the name 
American Pout Co., but it has no connection with aniee of the other 
companies having the same name nor should it be confused with the 
American Potash and Chemical Co., which is producing potash from 
the brines of Searles Lake in California. The American Potash Co. has 
completed two core tests about 214 miles apart in southwest Midland 
County, Texas. The cores have not been available to the U. 8. Geo- 
logical Survey but have been studied and described by Sellards and 


~ Schoch,‘ of the Texas Bureau of Economic Geology. 


ReEsvutts or TEsts 
Geologic Results 


As a direct or indirect result of Government and state activities in 
potash exploration, 31 core tests have been made in the Permian salt 
basin to date (January, 1929), and three others will probably be completed 
by June 30, the end of the governmental fiscal year, or shortly thereafter. 
Of those already drilled 20 are in New Mexico, 10 in Texas, of which 
seven are Government tests, and one in Kansas. Obviously geologic 
data of the greatest interest have been obtained. The two core tests in 
Midland County, Texas, made by the former Standard Potash Co., have 
been studied in considerable detail by Sellards and Schoch, in the paper 
cited. The other 29 cores are being studied by members of the Geological 
Survey. A paper by Schaller and Henderson,’ on the mineralogy of the 
cores has been prepared for publication. Some of the secondary changes 
in the salts noted during these studies have already been mentioned. 


6B. H. Sellards and E. P, Schoch: Op. cit. 
7W. T. Schaller and E. P. Henderson: The Mineralogy of the Drill Cores Taken 
in Potash Drilling in Texas and New Mexico. U.S. Geol Survey Bull. (in Press). 
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The first two lca af ip drilled in New pres Hey sore 3 ah 


sylvite, carnallite and other soluble minerals in beds that were relatively — ’ 


rich but too thin to be of commercial interest. No beds of this sort were % 


recognized in the third well but recovery of core in the upper part of 


the salt beds in this well was not so good as in the other wells drilled and — 
some beds containing such minerals may possibly have been missed. _ 


In this test, however, which was drilled in the SW. 14 sec. 34, T. 22 S., 
R. 30 E., Eddy County, New Mexico, a bed of polyhalite 8 ft. 10 in. Wack 
and averaging 11.08 per cent. of potash (K2O) in the sample as received, 
equivalent to 18.25 per cent. in the soluble salts, was found at a depth 
of about 1466 ft. If other associated beds are considered, this interval 
includes 1514 ft. of beds containing 8.84 per cent. of K2O in the sample, 
equivalent to 13.39 per cent. in the soluble salts. This locality is about 
28 miles southeast of Carlsbad. , > 

The American Potash Co. and Gypsy Oil Co. have drilled 18 core 
tests in Eddy County, New Mexico, in an area in which excellent core 
recoveries have shown beds of sylvite and of polyhalite ranging in thick- 
ness from 2 to 7 ft. and carrying from 10 to 20 per cent. of K2O in the 
samples as received. A number of other soluble minerals associated 
with the German potash beds have also been recognized. 


Results in Texas 


In the interval between the depths of 1935 ft. 7 in. and 1945 ft. in 
the fourth test drilled in southwestern Ector County, Texas, are two 
polyhalite beds that have a combined thickness of 6 ft. 7 in. and together 
contain 12.86 per cent. of K.O in the sample as received, equivalent to 
18.98 per cent. in the soluble salts. These beds are separated by a third 
bed of halite 2 ft. 10 in. thick. This locality is near the station of Metz 
on the Texas and Pacific Railway. In the seventh test drilled in south- 
western Upton County, about 10 miles north of McCamey on the Orient 
Railroad, a group of beds 4 ft. 8 in. thick at a depth of 689 ft. 7 in. con- 
tains 3 ft. and 7 in. of polyhalite associated with other salts and a 13-in. 
bed of anhydrite and halite 8 in. above the bottom, which must be 
discarded. The polyhalite beds contain 9.50 per cent. K2O in the sample 
as received, equivalent to 14.73 per cent. in the soluble salts. Another 
bed of polyhalite at a depth of 848 ft. in the same well is 3 ft. 3 in. thick 
and contains 11.65 per cent. K.O in the sample as received, equivalent 
to 15.06 per cent. in the soluble salts. In the eighth test in northwestern 
Crockett County, at a depth of 521 ft. there is a 5-ft. bed of polyhalite 
containing 6.35 per cent. of potash in the sample as received, equivalent to 
7.14 per cent. in the soluble salts. 


ee a 


; The Government wells drilled in Texas have thus far prrongtared : 
no sylvite or carnallite or other potash-bearing salts save polyhalite. 
According to Sellards and Schoch,® a 2-ft. layer of soluble salts was 
penetrated between depths of 1975 and 1985 ft. in the second of the two 
wells drilled in southwest Midland County by the former Standard 
Potash Co. Polyhalite occurs in both these wells in various amounts 
and at different depths below 1900 feet. 


Summary of Economic Results 


The principal economic data relating to the 10 Government test 
wells already drilled and reported on are given in Table 1. 

In at least two of the 10 localities drilled under Government auspices, 
beds of polyhalite thick enough and rich enough to suggest commercial 
exploitation have been discovered and two other localities may be con-— 
sidered as having some commercial possibilities. 

Private companies in southeastern New Mexico have prospected in 
some detail a considerable area underlain by the more soluble potash 
salts. This area, of which the boundaries have not yet been defined, 
is shown in Fig. 1. Soluble potash salts have been reported in south- 
western Midland County, Texas, but those that have been definitely 
recognized in that locality are as yet known from only one well. 


OUTLOOK 


Sufficient supplies of potash salts have been demonstrated to be 
present in the Permian so that if production problems were solved the 
United States could feel assured freedom from foreign monopoly during 
any future national emergency, as in 1910 when existing American potash 
contracts were voided by German legislation and again in 1915. Since, 
however, production from such sources can not spring up overnight on 
sudden demand, it is highly desirable from the viewpoint of the national 
welfare that the problems of potash production in this field be solved 
without undue delay, and that commercial exploitation be started if 
practicable. Problems of transportation and of marketing appear to 
provide the greatest obstacles at present, though there are problems in 
mining and chemical engineering that will also require attention. The 
U. S. Bureau of Mines and the New Mexico Agricultural Experiment 
Station are now attacking from different angles the problems of the bene- 
ficiation or utilization of polyhalite and have already obtained promising 
results. Some of the private companies are giving serious study to 
production problems with a view to possible shafting operations. Mean- 
while, to gain a better perspective of potash occurrences within the 


8B. H. Sellards and E. P. Schoch: Op. cit. 
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_ potentially subject to core testing to about one-sixth of its original size. — 


_ The remaining territory, however, is still so vast that the relatively few _ ES 


tests possible under the authorization will give at best a very imperfect 
- picture of this great potash field. 


DISCUSSION 


MemsBir.— What is the length of core section pulled? 


W. B. Lanea.—A 10-ft. core barrel is usually used and unless difficulties have been 
experienced or sensed, the barrel is filled before the rods are pulled. 


Memper.—Are the polyhalite and sylvite beds so closely associated that they 
can be worked together? 


‘W. B. Lana.—In the majority of cases the eet haute and sylvite beds are sepa- 
rated by such thicknesses of salt that is not potash bearing as to make them inde- 
pendent mining units although penetrated by the same shaft. 


Memser.— What is the position of the potash beds in the salt column? 
W. B. Lana.—The potash-bearing beds are contained in the Upper Salt Series. 
Memperr.—Have any holes been drilled since the paper was written? 


G. R. Mansriztp.—One. The Government has drilled 11 wells. The five-year 
program should complete about 20 holes. 
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The Barite Industry in Missouri _ a 


W. M. Weicet,* Sr. Louis, Mo. “ - 
(New York Meeting, February, 1929) 


Economic deposits of barite occur in Missouri in two main districts. 
The most important, the Southeastern or Washington County district, “| 
oe : is in the southeastern part of the state, mostly in Washington County 
a with a small extension into the northeastern part of St. Francois County. 
Roughly, it embraces nine townships or about 200,000 acres and accounts 
for from 80 to 90 per cent. of the state production. The Central district, 
in the central part of the state, includes most of Morgan and Miller 
counties, and parts of Camden, Benton, Moniteau and Cole counties. 
The area embraced is much larger than the Washington County district, 
but the deposits are more infrequent. The logation and general area 
covered by the two districts is shown in Fig. 1. There is another small 
area in southern Franklin County but so far its production has been of 
small consequence. It might be considered as a northward extension of 
the Washington County field. An area in the central part of Hickory 
County has also produced a small amount. The outline of the districts 
as shown indicates the general area in which deposits have been found. 
The total area covered by deposits of barite is only a small part of this, 
as, in the Central district especially, there may be miles of supposedly 
barren areas between ore-bearing areas of an acre or two in extent. 

The date when barite was first mined in Missouri cannot ke definitely 
stated, but the industry probably dates back to about 1860. The occur- 
rence of barite was known long before this, as it was encountered in the 
lead mines in Washington County and mentioned by several earlier 
writers.'_ Missouri is reported as producing 8000 tons in 1882 so it is 
evident the industry was well under way in the seventies in order to have 
arrived at this substantial production. By 1893 Missouri production had 
increased so that it ranked with that of Virginia, then the largest producer. 
It increased until in 1914 Missouri accounted for about 65 per cent. of 
the total United States output. 


ReEecENT PRopuctTION oF BARITE 


Table 1, compiled from Mineral Resources, published by the United 
States Geological Survey and Bureau of Mines, gives the production of 


* Mineral Technologist, Missouri Pacific Railroad. 
1 A. Litton: Missouri Geol. Survey (1855) 12. 
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Fic. 1—Barive pistricts In Missouri. 
Areas containing known deposits are indicated by diagonal lines; areas of greatest development, by crosshatching. 
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TasLe 1.—Crude B s Pro 
Year Missouri, Tons® Georgia, Tons Total United S 
1913 31,131 . ‘ 
1914 33,317 ; 52,747 
1915 39,113 31,027 108,547) 
1916 58,223 104,784 221,952 ra 
1917 59,046 ; 111,300 | 206,888 ia 
1918 49,094 69,318 155,368 
1919 73,247 85,303 209,330 P 
1920 99,654 84,644 228,113 = 
~ * 4028 _ 25,200 24,614 66,369 
a 1922 66,421 57,045 155,040 
ne 1923 81,701 83,291 214,183 
- 1924 77,189 71,776 196,332 
; 1925 101,056 65,936 | 228,063 
4 1926 > — 418,019 77,654 237,875 
1927 111,456 94,039 254,265 


@ All tons = 2000 lb. 


s During the past 15 years production in Missouri has increased 380 per 
cent. and in the United States 550 per cent. This rate of increase is 
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Fic. 2.—BARITH PRODUCTION, PRICES AND IMPORTS, UNITED States AND Missouri 


probably more than for any other similar mineral commodity and speaks 
well for the future of the industry. It is accounted for by the increased 
use of barite in manufacturing and the arts and the development of 
new uses. 

Fig. 2 shows graphically the total production in the United States and 
that in Missouri, and the average yearly prices, since 1913. 
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G sinies! the Jephson of 1921 the tonic netecae in Mier has been 
quite stable and fairly prosperous. Production has increased steadily 
and during the past three years more modern methods have been intro- 
duced for a considerable proportion of the total production, yielding 
increased recoveries and reduction of costs. Some of the larger producers 
are conducting systematic research to extend the uses of barite and are 
planning their operations with a vision for the future. Prices have been 
fairly steady up to the summer of 1928, when there was a drop of $0.75 
to $1.00 per ton for crude. 

This was probably due to a lessening in demand with but slight 
decrease in production to counteract it, and to the increase in imports 
of which the Missouri market was only then beginning to feel the effect. 
From 1915 to 1919, there was no importation of European barite. From 
1919 to 1924, imports were not a serious factor in the American market, 
but since then they have risen steadily until in 1927 they equaled 28 per 
cent. of the domestic production. Imports are absorbed largely along 
the Atlantic seaboard, and here they come into direct competition with 
the Georgia and Tennessee production. This pressure caused the south- 
eastern producers to seek new outlets in the upper Mississippi Valley 
and lake markets, which brought them into competition with the Missouri 
production. The consequent oversupply for these markets caused a 
drop in price (Fig. 2). Even with decreased prices there has been little 
curtailment of production in Missouri and the producers are optimistic 
as to the future. 


GroLoGy oF WASHINGTON County District 


Nearly all the formations of the Washington County district are of 
Cambrian age. There is only a small area of Ordivician (Roubidoux) 
in the southwestern part of the district. With the exception of small areas 
in the creek valleys in the northeastern part, eastern part and the south- 
eastern margin, the Potosi is the lowest formation exposed. It forms the 
surface of a large part of the area. 

Extending north from the town of Potosi for 10 miles, the Gasconade 
formation covers the top of a long narrow ridge while the Emminence is ~ 
exposed on the sides of this elevation between the Gasconade and underly- 
ing Potosi. The Gasconade is the top formation exposed in a large part 
of the northwestern and southwestern areas, but generally beyond the 
productive areas. The Gasconade and Emminence also cap some of the 
individual hills and high points of the main productive portion of 
the district. 

The formations of the Washington County district and also those in 
the Central District, according to the Missouri Geological Survey, are: 
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Lower Ordivician Cambrian 

Jefferson City Gasconade 

Roubidoux Proctor 
Emminence 
Potosi 
Derby-Doe Run 
Davis 
Bonne Terre 
Lamotte sandstone 


The Davis is the oldest exposed in the eastern creek valleys, partly 
on account of cutting down by the streams, but more because of faulting 
and folding in these areas which resulted in structural changes that 
brought the lower formations up within reach of erosive action. Dolo- 
mites constitute by far the greatest part of the Cambrian formations, 
although some contain shale, chert and sandstone. The Davis especially 


Fig. 3.—PorTost DOLOMITE COVERED WITH BARITE-BEARING CLAY, NEAR CapET, Mo. 


contains much shale, shaly and sandy dolomite, and conglomerate, and 
often weathers platy. 
No economic deposits of barite have been found below the Potosi. A 
‘few occurrences are known where the deposit rests on the Derby-Doe Run 
but it has no genetic connection with the latter. The Potosi formation, 
the most important barite producer, is entirely dolomite and is charac- 
terized by its large content of drusy quartz, chalcedony and chert. This 
gives the rock a distinctive, rough, uneven appearance on weathered 
surfaces. Fig. 3 shows an exposed top surface of Potosi under its barite- 
carrying clay mantle and illustrates the uneven weathering. Large 
masses of the quartz druses often project several inches from the 
weathered surface where the less resistant dolomite has weathered from 
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; around fe ioe I. areas these rases may be almost entirely absent, 


but the rock may be identified by its distinctive granular structure. 
The drusy forms occur generally as irregular masses more or less con- 
nected into pipes. Some of the smaller ones resemble geodes. They are 
inclined to occur most abundantly in certain horizons. The Potosi 
formation? is from 250 to 300 ft. thick in the eastern part of the district 
but thins to the northwest, where it probably does not exceed 100 to 150 
ft. Most of the producing barite deposits are in the Potosi or in the clay 
mantle resting directly upon it. When the quartz and chert are absent 
the dolomite may be quite low in impurities. A sample taken near 


Cadét gave the following partial analysis: CaO, 30.7 per cent.; MgO, — 


18.8 per cent.; SiO, 0.9 per cent.; R2Os3, 0.2 per cent. 

Limiting the district on the northeast is a large fault or series of faults 
having a general northwest-southeast strike. The downthrow is on the 
northeast side. About two miles southeast of Hopewell there is another 
major fault, which strikes northeast and southwest, or approximately at 
right angles to the other, with the downthrow on the northwest side. The 
lines of strike of these two faults intersect 7 to 8 miles east of the Wash- 
ington-St. Francois County line. The barite-producing area falls with- 
in the angle between these two major faults, as barite is not found 
north or south of them. Their approximate location is shown on Fig. 1. 

The Emminence, the Proctor of Tarr;* is of some importance as a 
barite producer but much less so than the Potosi. It occurs principally 
in the western half of the district and along the ridge northward from 
Potosi. It varies from 80 to 120 ft. in thickness, but is rarely exposed 
in bluffs or escarpments, as the outcrops are broad and flattened out as a 
result of weathering or are covered with a mantle of clay and chert from 
the Gasconade. The Emminence in this district is nearly pure dolomite 
and does not contain the numerous quartz druses found in the Potosi. 
Chert is found at intervals but is infrequent. According to the most 
recent work of Prof. C. L. Dake for the Missouri Geological Survey,‘ 
the Proctor is missing in this part of the Washington County district, 
the Gasconade resting directly upon the Emminence. 

The Gasconade, covering some of the area in the southwestern, 
middle western and northwestern parts of the area, consists of dolomites, 
sandstones, cherts, and occasionally shale. It does not carry any of the 
barite deposits in the Washington County district, although it is the prin- 
cipal ore-bearing formation in the Central district. The small areas 
of Roubidoux are also of no economic importance in this area. When 
present it is mostly sandstone. 


2 W A. Tarr: The Barite Deposits of Missouri. Univ. of Missouri Studies (1918) 
111, 28. 

3W. A. Tarr: Loc. cit., 30. 

4 Private communication to the author. 


~The Ps paclion giv fhe br ihin gto Co unt y 
applies also to the Central district. In addition there are a few 
small areas of the Mississippian and Pennsylvanian series, but they are a 
of no economic importance as far as barite is concerned. 

The lowest formation exposed is the Proctor, in the valley of thee Sag 
Osage River, where local rolls have elevated it sufficiently to be cut into 
by the river gradient. - 

The Gasconade forms the surface of much of the southern half of the a] 
district in the main Osage River valley and its tributaries, while the 

Roubidoux covers the ridges and high land of the southern part and is ‘ 
ea about equal in area to the Gasconade. The northern part of the area : 
is covered almost entirely with the Jefferson City. . 


The Gasconade formation in this area is from 240 to 290 ft. thick, 
: composed mainly of alternating massive and thin beds of crystalline 
; gray dolomite. Some of the dolomite is cherty. There are also beds 

of chert and sometimes sandstone, which usually occurs as lenses. The 
chert in the dolomite is in nodules, small masses or thin beds. Some 
of the more prominent beds of chert are several feet thick. The basal 
member of the Gasconade is the Gunter sandstone, quite variable in 
thickness, ranging from 5 to 35 ft. It has no economic importance as a 
barite producer. 

The Roubidoux is made up of an irregular series of dolomite, cherty 
dolomite, sandstone and chert beds. Few of them are persistent. The 
total thickness varies from 70 to 160 ft. Most of the dolomite is fine 
grained, varying from gray to buff. The chert beds may attain a thick- 
ness of 30 ft. in places and are more frequent in the dolomite beds.of the 
Roubidoux than in those of the Gasconade. The sandstone beds are 
seldom more than 2 ft. thick. 

The Gasconade contains barite deposits; the Roubidoux, less than the 
Gasconade; and the Jefferson City only a small amount. Most of the 
deposits are found on top of the Gasconade or near the contact of the Gas- 
conade and Roubidoux. 

The formations of the district have a gentle dip to the northwest. 
There are numerous local folds, or rather flexures, but not of enough 
magnitude to greatly disturb the general structure of the area. Faulting 
is not common. Faults are usually short and of small displacement. 
Southwest of Linn Creek, however, faulting is more pronounced. 


Economic Groutocy or Barits, WASHINGTON County District 


In this district the barite occurs in three ways: (1) in place in the 
rock, as veins, disseminated as small crystals or clusters; (2) in solution 
cavities of large or small size; (3) as residual deposits, which are econom- 
ically the most important. 
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_ At various points in the district where the Potosi has been exposed 
by stream action or in bluffs, veins of barite may be observed. Very 


_ little attempt has been made to develop these; the cost of extraction 


would be much greater than from the residual oneae as the veins are 
usually so narrow, not over a few inches wide, that much barren rock 


would have to be removed in their exploitation. These veins sometimes 


occur as networks with connecting stringers a fraction of an inch thick. 


It is evident that much-of the barite in the residual deposits was derived 


from the decay and weathering of rock containing barite veins, but also 
that some of it came from solution cavities and individual clusters. It 
is not unusual to find fragments of solid barite of roughly boulder form, 
weighing from 100 to 200 lb., which evidently were not originally depos- 


_ited in vein form. Re digeations of the vein deposits are the fractured 


areas sometimes found where the fissures between the rock fragments 
are filled with barite, quartz and sometimes chert. Undoubtedly some 
of the rich residual deposits of small extent are directly under the original 
location of fractured or fissured areas in the pre-existing parent rock. 
These areas allowed rapid weathering and decay by surface agencies 
and the more resistant barite has remained practically without horizontal 
displacement in the residual clay. 

Barite may be found disseminated in the rock in small grains, but more 
often in irregular masses, 4 to 10 in. dia. These usually occur near a 
fissured area; seldom in the massive beds of rock where mineralization has 
not taken place. In addition to the barite, clusters and coatings of drusy 
quartz fill fissures and small cavities in the rock. 


Solution Cavities 


Solution cavities, or small caves, are sometimes encountered which 
are partly filled with sandstone and other rock fragments but contain 
barite, occasionally in pieces weighing 200 to 300 lb., and sometimes 
other minerals such as calcite or galena. These are more common in the 
Gasconade formation of the Central district than in Washington County. 
While interesting, and occasionally good producers for a short time, this 
type of deposit has not produced great amounts of barite. 

It is entirely probable that some of the deposits in the Central district 
now called residual were originally of this type and have been reduced to 
their present state by decay and caving of the overlying rocks. In two 
deposits, one near Bagnell and the other south of the Osage River, south- 
west of Bagnell, deposits have been worked in which a rim of solid rock 
remains in place on the hillside below the deposit, with its top consider- 
ably higher than the bottom of the residual clay in the pocket or cavity. 
A generalized section of one of these is shown in Fig. 4. 


- they are more easily waked aa alone ee is more concent 
form of deposit. 


This type contains the barite as deden fragments ainheddelil andi ioe 
scattered through clay. More or less chert, quartz and larger boulders of 
dolomite and sandstone are mixed with the clay. The barite fraecuentanel ' 
vary in size from fines or slimes to masses weighing 200 lb. or more. 
Generally the larger masses are near the bottom of the deposit, sometimes 


on bed rock with fragments of this or overlying strata, but thisis not 


always the case. The clay is very fine, plastic and almost free of grit 
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Fic. 4.—TyYpicaL CROSS-SECTION OF ONE FORM OF CENTRAL DISTRICT DEPOSIT PARTLY 
MINED OUT. 


and varies from light to very dark red. A deep brownish red is the most 
common color. 

Most of the barite is pure white on a fresh fracture, altheueh always 
coated on the outside with a film of limonite or iron oxide, which is so 
thin that it has little effect on the chemical analysis. The rough lumps 
are made up of tabular crystals and are quite friable, as sharp edges can 
be crumbled and broken off between the fingers. Many of the larger 
unbroken lumps have deep cavities on their faces, lined with a layer of 
limonite 142 to 46 in. thick. This adheres closely to the barite and 


‘cannot be removed by washing. It is the source of most of the iron 


content of these ores. 

In the Washington County district residual deposits occur in the clay 
mantle over the top and slopes of the hills. Sometimes a continuous 
area of over 100 acres will be ore-bearing, with a thickness varying from 
4 to 30 ft. Barite is seldom found in the valleys; the richest areas are 
usually on the gentle slopes part way down the hill; the tops of the hills 
are inclined to be lean. In some areas the barite may be quite uniformly 
distributed in the clay, but more often it occurs in concentrated layers 


\ 
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~ leads or runs, whieh Siete s 10 to 20 ft. au and several hundred fens 


long. They have no definite relation with the slope of the hill. 
One form of concentration in layers shows the following section, which 
is typical of an area near Cadet: 


PSE EE lhe 2 yee I ie a a ae oe Ae oa 1 ft. to 1 ft. 6 in. 


RERSCERCBV CM UINERINY Tee fr es lcs. oe oe aes Te ee 1 ft. 6 in. to 2 ft. 
Clay, barite, chert-and quartz, barite in small fragments, not over 

DAYS ete tls ET fc0 Zs xio,00\ 3 Sb: a:0 Lin eters SS Se 2 ft. 6 in. to 4 ft. 
Practically - barren dark red. clay: =. «..<fs-sais ves ho acien ae ce 3 ft. to 4 ft. 


Red clay, large chert, and dolomite boulders and large masses of 

barite, sometimes in almost continuous sheets 4 to 6 in. thick and 

several square feet horizontal extent.............02.00eecceee 1 ft. to 2 ft. 6 in. 
Red clay, practically barren, depth to bed rock not exposed. 


The barite content of the workable deposits varies considerably. In. 


small areas and pockets it may run as high as 20 to 25 per cent. Large 
areas being mined by steam shovel will probably average under 10 per 
cent., and considerable areas have been mined which probably yielded 
less than 5 per cent. 


Economic GEoLogy, CENTRAL DIstRIcT 


The deposits of the Central district are similar to those in Washington 
County in that the barite occurs scattered through residual beds or 
pockets of red clay resulting from the decay and weathering of the over- 
lying rocks. They differ in that the individual deposits are much smaller 
in horizontal dimensions, although often considerably deeper. Very few 
deposits have a horizontal dimension greater than 200 ft. This is prob- 
ably because in this district the hillsides on which the deposits are found 
are steeper and the topography in general more rugged. This is true of 
the deposits found in the Gasconade formation. Those noted in the 
Jefferson City were apparently quite shallow and smaller in area. As 
mentioned, a rim or ridge of rock is often found on the slope below the 
orebody. This may indicate that the original deposition occurred in a 
cave or in a broken area, which allowed free ingress of the barite-laden 
solutions. Rim rock is always found on the upper side of the deposit on 
a slope, and usually at the ends. In all cases the longer axis of the pocket 
lies parallel to the crest of the hill. 

Some of the deposits have been opened to a depth of 50 ft. below the 
surface, but 15 to 20 ft. is more common. The barite content is higher 
than in the Washington County district. Many deposits contain 20 per 
cent. or more barite and some old dumps were observed that would contain 
12 to 15 per cent. barite, from which the larger pieces, 2 in. and over, had 
been picked by hand. 
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the transparent crystalline form of k arite. The iron eonteet is. 
the larger pieces do not have the limonite-lined cavities characteristla of 


much of the barite occurring in large-lump form in the Washington — % 
County District. The associated clay is much the same in texture and — 


appearance. Drusy quartz is lacking but there is considerable chert, 
chert gravel and fragments of hard dolomite, sandstone and some calcite. 


In the Washington County ore, the barite is practically free of any 


adhering rock, while in the Central district a considerable amount, 
especially in the smaller sizes, around 1 in., is strongly attached to rock 
fragments of about the same size. 

In the bottoms of the orebodies large angular boulders of sandstone or 
dolomite are often found fairly close together, with the crevices between 
adjacent boulders filled with stiff red clay and tabular crystals of barite 
conforming more or less to the shape of the opening. 

In this district two or three deposits may often be found along the 
slopes in one short valley with no other known for a distance of two 
or three miles. Hence, while the economic deposits are scattered over a 
very large area, the actual area of the known barite-bearing ground is 
small as compared to the Washington County district. Much of the 
area is rather inaccessible at present, and has not been as systematically 
prospected as has Washington County so that there is reason to believe 
that many new deposits will be found by careful and intelligent search. 


ORIGIN OF THE BarRITE Deposits 


There is no question as to the source of the barite in the residual 
deposits. They are the result of the accumulation and concentration of 
the barite originally deposited in veins and cavities of the overlying strata, 
released by solution and weathering of the more soluble rock minerals, 
mainly calcium and magnesium carbonates, of which these rocks were 
composed.. The clays are also the result of this action, making conditions 
proper for the formation of the orebodies when not subjected to erosive 
action. This applies to both districts. 

The original source of the barium is not so easily determined and is 
the subject of considerable controversy. One school advances the theory 
that the barite in the veins and cavities in the sedimentaries was pre- 
cipitated, or crystallized from hot ascending magmatic solutions originat- 
ing in the magma that later crystallized and now forms the igneous floor 
of the Ozark Uplift; the faults and fractures due to folding and flexure 
afforded passage for the mineralizing solutions. There are many 


supporters of this theory and some of the evidence advanced in support 
of it is good. 


deposits, the barite as well as the lead and zinc. In support of this there 
_is no evidence of the effect of heated solutions in the vein deposits or in 


any of the other types. No barite has been found in the formations below 


the Potosi and it is argued that if the barium were carried in ascending 
waters, deposition would have occurred at least in places in the several 
hundred feet of sedimentaries between the igneous floor and the Potosi. 

The wide distribution of the deposits over considerable areas do not 
agree apparently with the theory of magmatic origin, as deposits from 
this source usually have a different form and bear the earmarks of the 
action of the transporting medium. Massive vein or “bull” quartz 
is entirely absent and it is known that the chert, chalcedony, and drusy 
quartz, contemporary minerals with the barite, are derived from or due 
to the action of descending waters. Galenais often found associated with 
the barite, but in every instance the barite was deposited after the 
galena; it is quite common to find galena crystals inclosed in barite, but 
never the reverse. 


BaritTE ORE RESERVES 


Even an approximate estimate of the tonnage of barite still recover- 
able in both the districts is difficult or impossible. The total Missouri 
production to date is about 1,750,000 tons; taking into account improved 
methods of mining and treatment, which permit more complete recovery 
and the working over of areas already gone over by hand methods, the 
indications are that future production will greatly exceed the past from 
the present known ore-bearing areas. Also new areas are being found and 
the limits of the fields extended. 


Mininec Merruops 
Prospecting 


Prospecting -methods are comparatively simple. The general lay 
or topography of favorable ground is known. When such areas are found 
an attempt is made to locate rock exposures, to determine whether the 
formation is favorable. In the Washington County district, the Potosi, 
or possibly the Emminence, is sought; in the Central district, the Gas- 
conade and Roubidoux, especially the contact between them. In culti- 
vated fields “‘float’”’ barite may be found; on timbered slopes surface 
barite is rare, although it may be encountered within a foot or two of 
the surface. 

When promising ground is found, prospecting is continued by digging 
test pits. If barite is found other pits are sunk in the immediate vicinity, 
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EenGeitt ‘Tn ri se), Jou 
define the ‘‘leads”’ or “‘runs”’ of rich = NEE One aothade o pr 
is to drive a pointed steel rod into the ground to the depth required and 
carefully withdraw it. If barite is struck the point of the rod will, be | 
whitened by the soft mineral. Boulders of chert or hard rock will not 
whiten the rod. ’ 
In prospecting large areas for shovel mining, test pits are put down 
at regular intervals and the entire excavated material is carefully sorted 
in an attempt to determine the grade. The results are always low, as 
the fine barite, which would be recovered on jigs or tables, cannot all be 
separated by hand. 


Hand Mining 


Hand methods of mining still produce well over one-half the total 
production, and all the miners or ‘‘tiff diggers” are familiar with these 
methods. The miner’s tools consist of a pick, shovel, sledge, small 
hammer with one end finished like a hatchet or chisel, hand windlass, 
rope and bucket and an ax. A pit or shallow shaft, about 5 ft. dia. and 
of no particular shape, is started on the selected location. The pit may 
be circular but if cribbing is used in the upper part it is square. The 
dirt is thrown out until a depth too great for this is reached. Many pits 
never exceed this depth. On the surface the dirt is worked over by pick 
and shovel and the lumps of barite are sorted out. Large pieces are 
cleaned by hand with the aid of the edge-faced hammer. If a good run 
of ore is found it is followed by drifting as far as possible before the 
roof caves. When this occurs, or bed rock is reached, another pit is 
started, often within 8 or 10 ft. of the first, and in the direction of the 
best ore. Drifts from one pit often lead into those from an adjacent 
one. Pits may be anywhere from 4 to 30 ft. deep. When a windlass 
is necessary, two or three men usually work together, one in the pit and 
one or two on the surface. 

Fig. 5 shows an area near Potosi which has been intensively worked 
by hand mining. This particular area has been worked over at least 
three times, illustrating the poor recovery of the total barite in the 
ground by hand methods. Hand mining methods are most profitable 
and best adapted to deposits where the barite occurs in large lumps 
or where the surface of the bed rock is irregular, making mechanical 
methods difficult. 

The operators having a lease on the land, or the owner wishing to 
work his own property, builds a number of small houses on the place. 
These are furnished, usually rent-free, to the miners, who work always 
on piece work or contract for a price per ton of barite cleaned and piled 
up by the side of the pit ready to load into trucks or wagons. This 
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price varies, partly with the richness of the ground but mostly with the 
distance from the railroad, from $2.50 to $4.00 per ton. The market 


“price also affects the contract price for digging. 


The average miner will put out about 214 tons per week. He is 
independent, his wants are few, he never works on Saturday and often 
not on Monday. On other days he will probably not average over 6 
hr. per day of actual labor. 

‘ Hand methods differ in the Central district because the deposits are 
usually on a steeper slope and of less horizontal extent. The deposits 
are opened by starting a cut into the hillside and widening this out as 
it deepens. A nearly vertical face is developed and broken down by 


Fig. 5.—BARITE GROUND WORKED OVER BY HAND METHODS, NEAR Potosi, Mo. 


picks, or sometimes by barring from above. The barite and clay are 
separated on the pit floor and hauled out separately. Large boulders 
are left in place and mined around (Fig. 4). 


Costs of Hand Mining 


Mining is paid for on a contract basis, the average price in 1928 
being about $3 per ton. 

Royalties paid to the landowner depend on distance from transpor- 
tation and other factors. They vary from 50 ¢. per ton up to $2, in 
rare instances, per ton of barite shipped. The landowner can afford 
to take a lower royalty from mechanical mining than from hand mining, 
as the tonnage extracted per acre will be much more and the royalty 
is more quickly realized. 


nw " 


followed by mechanical washing and concentrating are only four ¢ 


generis to wark the Washi: County cepoHea b 


years old. The first operations were those of the National Pigm« a 
and Chemical Co. near Cadet and Old mines. This company now has | " 
two shovels supplying two washing plants. The Superior Mineral Co. fee: 
is also operating an electric shovel near Cadet. a 

The best conditions for power shovels are in gently sloping ground — 
where the deposit covers a large area. Power shovels are especially 
suitable where the barite occurs:in small pieces, usually called “gravel 


Fie. 6.—MINING BARITE WITH ELECTRIC SHOVEL, NEAR CapsEt, Mo. 


tiff,” uniformly distributed through the clay rather than in large lumps 
or sheets. Much of the ground so far worked has previously been mined 
by hand, but has had only the larger pieces of barite removed. So 
far, 12 to 15 ft. is the greatest depth excavated by power shovels. The 
entire thickness is removed in one cut and no overburden is stripped, 
ies excavated being sent to the washer. Shovels have from 

4 to 114-yd. dippers and are operated by steam, gasoline or electric 
eee All are of the caterpillar type with full revolving motion. As 
the ground is fairly soft and digs easily, their output is limited rather 
by the ability to haul away the ore than by the capacity of the shovel. 
The shovels are served by 5-yd. side-dump cars pulled by 8 or 10-ton 
gasoline locomotives, delivering to the washing plant with hauls of 
from 1000 to 2500 ft. Two locomotives, each handling two cars, serve 
each shovel. The practice at the three operations is much the same 
and similar to all work of this kind. Blasting the ground ahead of the 
shovels is not necessary. The shovel of the Superior Mineral Co. is 
shown in Fig. 6 and the operations at one of the pits of the National 
Pigment and Chemical Co. are shown in Fig. 7. 
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mee! bed rock. leaves many depressions and hollows — 


__-unmined, and where these are rich enough they will be worked out by 
____ hand methods after the shovel has worked over them. If they contain 
4 barite, it is in large boulder form, while that in the overlying clay is 
mostly the “gravel’’ variety. 
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Fie. 7.—MINING BARITE WITH GASOLINE SHOVEL, NEAR CapEt, Mo. 


Costs of mining on the basis of barite recovered are not available, but 
: the actual cost of excavation and loading would be about the same as 
.. for similar operations elsewhere. 
Only one attempt has been made in the Central district to mine with 
a power shovel. This was of short duration because of financial matters 
: not directly connected with the mining. The nearest approach to 
| mechanical methods is in the working over of some waste dumps by horse- 
drawn scrapers after the clay is loosened by plowing. In one such opera- 
tion the cost of excavating and transporting the material an average 
distance of 150 ft. to the platform above the washer was approximately 
12 c. per ton. A team and driver cost 50 c. per hour. Day labor is paid 
from 30 to 35 ¢c. per hour. - Teams could not be secured at this price except 
during the slack season on near-by farms. 


MILLING AND CLEANING 


Hand Methods 


Over one-half the barite produced is cleaned by hand methods. 
In the Washington County district the large lumps are cleaned as thor- 
oughly as possible by scraping or cutting off the adhering clay with a 
hatchet, or hammer with one cutting edge. They are allowed to dry, 
and much of the remaining clay falls off, as its high shrinkage causes it to 
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crack or loosen during drying and exposure to the weather. The smaller 
fragments are piled on a platform and allowed to weather and dry, 
which causes much of the adhering clay to loosen and fall off. The barite 
is then placed in a rocker and worked back and forth so that the abrasion 
of the fragments against each other removes most of the remaining coat- 
ing. A typical rocker is shown in Fig. 8. It consists of a box 12 to 14 
in. deep, 18 to 22 in. wide, and 30 to 36 in. long, mounted on a pair of 
rough rockers. The bottom is made of old wire-screen cloth or sheet 
iron punched full of holes. The openings in the sheet metal or screen are 
from 4 to 34 in. dia. Fine barite that passes through the screen is lost, 
of course. 


Fia. 8.—RocKER USED IN WASHINGTON COUNTY DISTRICT. 


Rockers are seldom used in the Central district. The clay separates 
more readily, and after weathering for a while, the operation of loading it 
with a fork into wagons and trucks and unloading at the railroad is usu- 
ally sufficient to reduce the clay to the permissible limit. 


Combined Hand and Mechanical Cleaning 


Recently there have been installed in the Washington County District 
several combined hand and mechanical washers. A washer of this type 
consists of a small single-log washer 8 to 10 ft. long operated by a gasoline 
engine. ‘This is fed by hand with ore brought from near-by in barrows or 
wagons. At one side is a hand jig of the usual type. The barite and 
waste rock freed. of clay by the log are separated on the jig and shoveled 
on to separate piles. The hutch product is as high grade as the barite 
taken from the screen. 
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_ This outfit can be moved from place to place at little expense and 
quickly set up and placed in operation wherever water is available. It 
offers a ready method of reworking areas previously mined by hand, 
which are not large enough to justify the cost of a large permanent washer 
and yet contain a sufficient amount of fine barite to be worth saving. A 
combined log and jig is operated by two men. Some combinations in 
operation near Potosi and Richwoods are turning out a nice product. 
One of those at Richwoods has a 12 ft. log and three jigs. 


Mechanical Washing or Concentration 


There are now three mechanical washers in the Washington County 
district and three or four in the Central district. Only two of the latter, 
however, may be considered complete. The reasons for the delay in 
adopting power-driven washers have been the low cost of labor, the ease 
with which the ore can be cleaned by hand, and the uncertainty of having 
deposits of sufficient size to justify the capital outlay. : 

The concentration problem is comparatively simple. The ore con- 
sists of a mixture of clay, boulders and fragments of stone, chert, quartz, 
gravel, and barite. Occasionally galena is found, but usually it occurs 
in large pieces and is picked out by hand or caught in the first cell 
of the jigs. 

Where the barite is coated with a hard film or layer of limonite, 
matters are complicated somewhat, as even if the limonite is crushed fine 
enough to free it from the barite, its density (8.8) is so near that of barite 
(4.3 to 4.6) that separation by gravity methods is difficult, especially as 
the barite tends to break into tabular and the limonite into granular form. 

The barite, with the exception of some in the Central district, is free 
of adhering rock, so crushing to free locked grains is not necessary except 
in the instances mentioned and where an attempt is made to separate 
the limonite coating. 

Standard practice is the use of log washers to remove the clay, fol- 
lowed by comparatively coarse crushing, jigging and table treatment of 
the fines. In detail the practice varies from a very simple flow sheet to 
a rather elaborate one, depending partly on the ideas of the operators as 
to what constitutes true efficiency, but more on the grade of concentrates 
necessary to supply the different markets. It must be remembered that 
barite is a cheap mineral commodity with a value of from $6 to %8 per 
ton f.o.b. cars, and evidently refinements of concentrating methods to 
secure a high percentage of recovery cannot be employed unless the cost 
of these extra refinements is extremely low. 

Another factor to be considered is that a very large amount of the 
waste material, the clay, is eliminated by the log washer in the first 
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pe lai therefore if the origir to the logs con i ii 
cent. barite the product leaving the logs and going to the jigs may contail 
from 25 to 45 per cent. 

The two washing plants of the ‘National ended and Chemical eas? 
near Cadet are much the same; each handles 400 to 600 tons per 9 hr. 
Power is furnished by Diesel engines. The ore is brought in on an ae 
vated track in 5-yd. cars and is dumped directly into a wide apron con- 
veyor or feeder. This discharges onto the apex of a wedge-shaped 
grizzly, the under size passing to the logs and the oversize to platforms 
with a grizzly floor, where the large barren boulders, roots and other 
rubbish are thrown out by hand. There are two double logs, each 30 ft. 
long. The overflow from the logs goes to the mud pond. The washed 
barite and rock is conveyed to a Symons crusher, reduced to about 34 
in., then sent to bins. From the bins it is fed to three three-cell jigs 
with beds 30 by 36 in. The jig tailings go to the tailings pile or railroad 
cars for ballast. The screen discharge goes to concentrate bins and the 
hutch to a Diester screen making two sizes. The coarse goes to one 
Diester table and the fines to another. Table tailings go to waste and 
the middlings are returned to the screen. 

The National Pigments and Chemical Co. consumes its entire output 
-in its own products and operates its washing plants to suit its own require- 
ments rather than the market specifications. Some of these products 
are manufactured in buildings adjacent to the washing plants. The 
rest of the barite is shipped to the St. Louis plants. 

The Superior Mineral Co. washing plant at Cadet is driven by 
purchased electric power. It has a capacity of about 500 tons per day. 
Ore is brought from the electric shovel in 5-yd. cars and dumped onto 
the ‘bull pen” or grizzly floor which is formed by railroad rails 6 in. 
apart. Here boulders, roots, etc. are separated by hand and thrown out. 
The material passing the grizzly goes to two 30-ft. double-log washers. 
The clay and water goes to the mud pond and the washed barite and rock 
to a drag delivering to a small grizzly. The oversize goes to a-jaw crusher, 
then, with the undersize, is delivered by elevator to a steel-plate trommel 
with 5g-in. round holes. The oversize from this generally goes to waste, 
but if necessary may be returned to the crusher. Thethrough product 
goes to a storage bin. This delivers by an apron feeder to a vibrating 
screen of about 5 mesh. The oversize goes to three Woodbury jigs in 
series; the fines to a revolving screen. The first two cells make clean 
concentrates from the screen. The discharge from the third goes to a 
special scrubber, the cleaned concentrates from which go to the concen- 
trate bin, and the fines and tailings join the fines removed from the 
jig feed. 

The fines from the 5-mesh vibrating screen, the hutch discharge of 
the jigs and the fines from the scrubber join and are sent to a trommel. 
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his Noose to a small two-cell Woodbury j jig making 
clean concentrates and tailings. The hutch discharge and the fines 


from the trommel go to a drag dewaterer and the thickened discharge to 


a Fahrenwald classifier. The overflow of the dewaterer goes to a settling 
box with a spigot discharge feeding a Plato table, from which the overflow 
goes to waste. The spigots of the classifier feed four Plato tables. The 
concentrates from these go to shipping bins; tails to waste; the middlings 
return to the dewaterer. 

Table concentrates are generally higher grade than jig concentrates. 
Clean table concentrates often will analyze 98 per cent. barium sulfate, 
0.25 to 0.50 per cent. ferric oxide, and 0.5 to 1.0 per cent. silica. 

In the Central district Series deposits are comparatively small, 
so the washers are small and of a portable nature. Lack of available 
water is also a factor in this district, necessitating pumping a considerable 
distance and against a considerable head. When a washing plant can 
be employed it greatly increases the yield possible by hand methods. 

As an example of this, a pit was worked about 30 years ago by hand 
methods and the present dimensions of the excavation indicate that about 
30,000 tons was removed from which the barite was hand-sorted and 
shipped, but no records of shipments are available to show the recovery. 
Recently a small washing plant has been working the old dump. When 
half through, 2000 tons of barite had been recovered, indicating a poten- 
tial recovery of 4000 tons from the dump of 30,000 tons, or about 13 
per cent. left in the dirt by hand-sorting methods. 

The plant of the Versailles Mining Co. near Bagnell is typical of the 
plants that have been working on some of the deposits and old dumps 
left by hand mining. 

Horse-drawn drag scrapers move the dirt from the old dump to a 
dumping platform above the washer, which has a capacity of 150 to 
200 tons of dirt per 10 hr. A jet of water flushes it into a launder leading 
to the log in the plant, which has a single 18-ft. log. Overflow from this 
goes to waste, and the washed ore goes to a 10 by 14-in. jaw crusher. 
A bucket elevator delivers the crushed ore to a trommel covered with a 
punched plate screen (5é-in.) with an outer screen of woven wire with 
349-in. openings. The oversize from the 5¢-in. screen phe to 12 by 20- 
in. rolls and back to the elevator and screen. The 5-in. plus 39-in. 
product feeds a four-cell Harz jig (cells 30 by 42 in.). The draw-off 
from the screens is clean concentrates. Some of the hutch discharge is 
clean and some is returned to the circuit. 

The product passing the 349-in. screen feeds one concentrating table 
making concentrates and tailings. No attempt is made to separate and 
return a middling product. The washer is driven by a 50-hp. gasoline 
engine. In addition, a 25-hp. gasoline engine is used to operate the 
water-supply pump delivering 300 gal. per min. against a head of 150 feet. 


production of their own needs. Most of the production, however, is sold 
in the open market or on a contract basis. Numerous buyers are in the 
districts, especially in Washington County. They may buy for one 
consumer or operate on a brokerage basis, buying in small lots from the 
smaller producers and selling to the market that offers the best outlet at 
the time. These buyers maintain docks or loading platforms at various 
shipping points where the ore is accumulated. It is sometimes resorted 
and mixed to make a uniform grade. It is always loaded by forking, to 
make a final elimination of adhering dirt and clay. 

The larger producers, unless consuming their own output, sell direct to 
the consumers without the intermediary buyer. The buyer has his 
legitimate place, however, as many small producers of hand-mined ore 
turn out only a few tons a year during the slack farming season and there 
must be some agency to accumulate these small lots into car- 
load shipments. 

Sampling of shipments is rarely done at point of origin. It is usual 
to take the consumer’s sampling and analysis. Deductions are made for 
moisture, especially on washed ore. 

Most of the Missouri ore is marketed in St. Louis, Illinois and the 
Ohio Valley. ‘ 

There are no fixed standards of quality or grade, although there is a 
generally accepted grade for the lithopone trade and one for other uses, 
but penalties and bonuses on this standard often vary with the individual 
contract or sale. 

The usual standard for lithopone is a minimum of 93 per cent. BaSO, 
with not over 2.5 per cent. combined Al,0; and Fe,0; and a penalty of 
10 c. per ton for each 0.1 per cent. Fe2O; over 1 per cent. Sometimes a 
bonus is paid for a BaSO, content greater than 98 per cent. One contract 
paid a bonus of 10 c. for each unit of BaSO, over 93 per cent. and also a 
bonus for iron oxide of less than 1 per cent. 

Shipments seldom fail to meet ‘specifications. Table 2 gives an 
analysis of several carloads of hand-picked ore and washed ore from the 
Central district. 


TaBLE 2.—Analysis of Ore from Central District 


Minimum Maximum Average 
BaSOa, R2Os, B 5 203, 2 
Poh Cane Per Cent. Ber. ote Poe om eee certs 
Six carshand-minedbarite| 96.28 0.90 97.47 2.10 96.43 1.59 
Hight cars washed barite| 93.00 | 0.62 95.22 1.30 94.21 0.85 


iS TRANSPORTATION 

The construction of good highways has greatly extended the area 
available for mining. In some cases ore is hauled as much as 20 miles to 
the railroad. The cost of one 20-mile haul is $3 per ton. 

One 8-mile haul was $1 per ton. Both of these were by motor truck. 
Loading from the platform or dock averages 15 c. per ton. 

Both districts are afforded good rail transportation by the Missouri 


_ Pacific R. R., giving a direct outlet to St. Louis and through the St. Louis 


gateway to the north and east. 

Principal railroad shipping points in the Washington County district 
are Potosi, Mineral Point, Cadet, Blackwell, Tiff and De Soto; in the 
Central district, Bagnell, Eldon, Russellville, and Versailles. 


UTILIZATION OF BARITE 


Barite has a great diversity of uses. These may be classified into two 
general groups: (1) those in which it is used as natural barite after proper 
mechanical treatment; and (2) those in which it is the source of barium 
for various chemical compounds in turn used for a variety of purposes. 


Use in Natural State 


When used in its natural state it always is prepared by grinding to a 
fine state of division and also sometimes by bleaching with sulfuric acid. 
In this form it is used as a filler in some rubber articles, in paper, paint, 
oilcloth, molded goods, such as buttons, in suspension in liquids in oil 
and gas-well drilling, as a flux in brass melting, as a component in a special 
glass, etc. 

As a rubber filler, bleached or dilesehes it is employed where a soft 
rubber article is desired, as in rubber bands, tubing and the like, but not 
where strength and resistance to abrasion is-required, as in auto tires. A 
considerable amount of unbleached barite is used in molded goods such as 
buttons, hard rubber articles, and probably phonograph records. 

~ The bleached form is used in paper where weight is desirable with a 
high finish, as in playing cards and plate paper. Natural barite is not 
often used in high-grade paints. A small amount of the bleached is used 
direct as an extender and loader and as a base for lake colors. 

Extremely finely ground barite mixed with a suitable suspending 
medium has been found effective in making up heavy liquids used in 
drilling for oil and gas. The heavy liquid tends to hold back the gas 
flow until casing can be placed. Finely divided iron oxide in suspension 
has also been employed for the same purpose. The use of barite with a 
suspending medium is patented by the National Pigments and Chemical 
Co., and the compound is made at their plant near Cadet. It is marketed 
under the name of “ Baroid.”’ 
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glass for blowing or molding, allowing ase corners and 

terns to be completely filled. Its use for this purpose ‘is pa ‘. 
Various grades of ground barites, bleached and unbleached, are 

prepared at two plants in St. Louis, The National Pigments and Chemical © 

Co. and C. P. DeLore. 


ea 


As a Source of Barium 


Barite is the source of barium for the manufacture of lithopone, 
blanc fixe, titanium paint pigment and various barium salts and com- 
pounds such as the carbonate, chloride, sulfide, nitrate, the oxides 
and hydroxide. 

According to figures of the United States Bureau of Mines for 1927, 
of the crude barite, domestic and foreign, consumed in the United States, 
65 per cent. was used in lithopone, 24 per cent. in ground barite, and 11 
per cent. in barium chemicals. 

Lithopone is a white pigment made by the coprecipitation of zine 
sulfide and barium sulfate from solutions of zinc sulfate and barium 
sulfide. It contains approximately 70 per cent. barium sulfate and 30 
per cent. zinc sulfide. Usually 1 to 5 per cent. of the sulfide is replaced 
by zine oxide. Its principal use is in paints, especially for inside finish. 
It is also largely used as a filler in rubber, where its extremely fine grain 
is of advantage. 

Blanc fixe is precipitated barium sulfate and differs only from natural 
barite in its purity, extreme whiteness and fine grain size, made possible 
by proper control of the precipitation. It is used in paints and as a 
paper and rubber filler in the same way as native barite, but where a 
superior product is required. 

Titanium pigment or titanium white> is a mixture of 75 to 65 per cent. 
of barium sulfate and 25 to 35 per cent. of titanium oxide. Many patents 
have been taken out covering its method of preparation. A superior 
product of the proper opacity and physical properties can be made only 
by careful control of conditions of manufacture. It makes a paint 
pigment of extreme whiteness and opacity, does not discolor with age, 
and is nonpoisonous. It is manufactured in St. Louis by the Titanium 
Pigment Co. from Washington County barite and is marketed under 
the trade name of ‘‘ Titanox.”’ 

Barium Salts——The carbonate is perhaps the most widely used of 
the barium salts. Its two principal uses are in the ceramic industry, 
where it is mixed with certain clays to prevent ‘“‘scumming” or efflores- 
cence on the fired ware, such as face brick, and in water purification, 


* Titanium White. The Mining Jnl. (1925) 149, 271. Titanium White Pigment. 
Chem. Age (1926) 34. ; 
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de prepared by the reduction of the sulfate is the 


usual starting point. Barium chloride is used in the leather industry 
and to some extent in boiler compounds. Barium sulfide has a small 
direct use in vulcanizing and weighting rubber. The nitrate is used in 
pyrotechnics. The dioxide is used as a bleaching reagent and in the 


manufacture of hydrogen peroxide. The hydroxide is used in sugar and 
petroleum refining. 
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DISCUSSION 


MemeBer.—How far is it from these deposits to the nearest bodies of igneous rocks? 


W. F. Ponp, Nashville, Tenn.—As shown on the State geological map of Missouri, 
there are knobs of porphyry about 12 miles west of Potosi and about the same distance 
southeast of Potosi, which is the approximate center of the southeast Missouri barite 


area. ‘This porphyry is the same as that which is exposed extensively to the southeast 


and has been demonstrated to be of Pre-Cambrian age. Deep drilling in the area 
has shown the normal succession of sedimentary rocks. There is no direct evidence 
of intrusive igneous activity in this district. 


W. T. Scuaturr, Washington, D. C.—Could the original source of the barium 
be referred to a barium feldspar, either celsian or hyalophane, distributed through 
some rock? A rock specimen from Alaska consisted of pyroxene, celsian and gillespite 
(barium, iron, silicate), which in its mineral composition and structure seemed to be 
the result of contact metamorphism, suggesting the possible existence of a rock 
analogous to limestone but consisting of barium carbonate. 


6C. J. Rodman: Water Softening with Barium Salts. Chem. & Mei. Eng. 
(1928) 35, 221. 


Clay Mining for Quality 


By ia E. Noutp,* Cotumsus, Ox10 


(New York Meeting, February, 1929) 


Tus paper is an effort to explain in a simple manner the fundamental 
principles involved in examining a clay deposit for both quantity and 
quality and in operating a clay mine, either open-pit or underground, so 
that the best quality of finished material can be made from the raw 
material available. The writer is aware that what is recommended in 


this paper is everyday practice in many refractories plants and in some 


other heavy-clay products plants, but observations made while visiting 
practically every clay mine in Ohio have convinced him that the practices 
herein discussed are not as widely used as their importance warrants. 
It is true that the problem of mining for quality is more acute in refrac- 
tories plants than in most heavy-clay products plants, yet some of the 
latter are finding it profitable to pay more than ordinary attention to 
the selection and blending of their raw materials. It is hoped that this 
short paper may prove helpful to some who are now finding it difficult to 
produce a uniform product of as high quality as their clay deposit seems 
to warrant. 

The coordination of the work of the clay mine or pit with the manu- 
facturing plant, to the end that the best product possible be made from 
the raw material available, presupposes a rather intimate knowledge of 
the clay deposit. The knowledge must include not only information 
of the amount of clay available but also rather detailed information about 
both vertical and horizontal variations in quality of the clay. This 
information should cover three things: quality, quantity, and location. 


SAMPLING UNDEVELOPED Deposits 


In the case of an undeveloped deposit with a shallow overburden, 
pitting may be the cheapest way of testing. For thick deposits or 
deposits with rather heavy overburden, the diamond drill, using a double 
core barrel, offers the best means of testing. When using the diamond 
drill in clay testing, it is doubtful whether it pays to take less than 2-in. 
cores; it is difficult to get complete cores with smaller drills, and the 
quantity of material obtained with smaller cores is not sufficient for the 
necessary tests. 

Sen ee EO 
* Professor of Mine Engineering, The Ohio State University. 
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yr ‘drill holes necessary to prove the quantity and quality 
= ofia pinks deposit varies with the characteristics of the deposit. The 
more regular the deposit, the fewer the holes necessary; and conversely, 
the greater the variations within the deposit, the more holes necessary. _ 


The greatest amount of information for the fewest feet of drilling, and 
therefore at least cost, can usually be obtained by systematic location of 
the drill holes. It is good practice to locate them on the corners of squares. 
The system of location of the holes having been decided, money can 
frequently be saved by drilling a few rather widely separated holes first 
rather than-by drilling them in order as they appear on the projected 
plan. For example, one hole in each quarter of the property may 
demonstrate the worthlessness of the entire property as conclusively as 


holes more closely spaced, or the drilling of only part of the holes may. 


prove the deposit to be so regular and uniform that more closely spaced 
holes are unnecessary. By this system, the spacing of the drill holes may 
be made smaller and smaller by locating the new holes between the holes 
already drilled. In one case, for example, a hole every 1200 ft. may give 
all the information necessary while a hole every 300 ft. or even oftener 
may be necessary if the deposit is quite irregular. 


SAMPLING THE MINE 


While mining the deposit, systematic sampling of all the working 
faces may be necessary. The face samples, after testing, should give 
such detailed information that they can be used as a basis for both blend- 
ing and selecting clays. The quality of clay in horizontal bedded 
deposits may vary greatly and very abruptly in a vertical direction but 
usually varies more gradually in a horizontal direction. Face samples 
should represent the clay as mined. Their horizontal distribution 
throughout the mine or pit should be decided by the variation of the 
clay from place to place but should always be taken so frequently that 
collectively they truly represent the clay as mined. In case of doubt, 
it is better to cut too many samples rather than too few. It is common 
practice in some mines producing refractory clays to sample each working 
face once a month, which means a sample every 60 to 100 ft. in each 
direction throughout the mine. 

Tests made from samples, no matter how carefully made, are no more 
accurate or reliable than the samples from which they were made. A 
few lumps selected from the clay shot down at the working face are 
practically worthless as samples. A few lumps knocked off the face at 
various places are also of little valueas samples. Asample, to be valuable, 
should represent the clay from the entire face where taken, each part in 
the same proportion that it occurs in the unmined face. For control of 
mining each sample must be labeled so that its location in the mine can 


be told exactly. 


be Hae io bd pia eee | Large samples, | p 
sive to take and test and are therefore undesirable. The est way tog 
a truly representative small sample is to cut a uniform channel from top 
to bottom of the deposit. The place to be sampled should be carefully — 
cleaned; all loose material should be removed and fresh clay should be 
exposed. The size channel recommended for both usefulness and con- 


venience is 4 or 5 in. wide and 1 or 2in. deep. It is important that the ~ b 


size of the channel be kept uniform from top to bottom of the deposit. 
It is important, but sometimes difficult, to keep the size of the channel 
the same in the hard parts of the deposit as in the soft parts. The 
sample, as cut, may be too large to take to the testing laboratory; if 
so, it should be crushed and quartered to the desired size at once, in 
accordance with the standard practice. This practice is described in 
many articles and papers on sampling and need not be discussed here. 
The prepared samples should be placed in hermetically sealed cans for 
transference to the testing laboratory if moisture determinations are to 
be made; if moisture is not needed they can be handled more conveniently 
in small canvas bags. When cutting the sample, it is important to pre- 
vent material from other parts of the face from falling into it. The writer 
has found it convenient to cut the sample either onto a large canvas 
spread on the bottom in front of the face being sampled or into a canvas 
bag kept open by a wire and held against the face immediately below the 
place from which the sample is being cut. 

The channel across the deposit should be divided.into as many 
samples, vertically, as may be necessary to show the properties of the 
several varieties of clay. ‘The number of samples necessary can usually 
be told by the appearance and condition of the clay; if this is not a safe 
guide, it is necessary to divide the channel arbitrarily into as small 
portions as may be necessary to localize the various impurities and grades 
of clay. For example, the upper 3 ft. of the deposit might be included 
in one sample and each succeeding 2 or 3 ft. be made a separate sample. 
This breaking of the channel into several samples is necessary so to 
locate the varieties of clay and the impurities that the miners can discard 
the undesirable parts with certainty in mining. The practice in some 
refractory plants in Ohio is to determine the least thickness of clay that 
can be economically mined and, when cutting a channel sample, this 
thickness is taken as the length of the first sample cut from the top 
downward. Below this as many samples are taken as the appearance 
of the clay indicates are necessary. If tests of the top sample are not 
satisfactory, that part of the mine or pit is abandoned. 

A continued careful comparison between the results of the tests 
and the appearance of the clays tested frequently makes it possible to 
recognize all the varieties of clays in any deposit with such a degree of 
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. of ae Bain: ae mites ae If the car contains saatis aroun 
_ of recognized undesirable materials, it is set aside and the miner who 
loaded it is called from the mine and required to pick out the impurities 
_ on his own time. Lesser amounts of impurities are discarded by the 

dumper. The picking table, long used in coal mines, has lately been 
installed in some clay plants to aid in removing impurities. If the car . 


contains material of unknown or doubtful value, this material is sampled, 


and, if necessary, the face from which the car came is sampled. The 


value of the doubtful material is determined and mining instructions 


are given according to the results of the tests. This method should 


prove satisfactory if the clay is well known and there is a distinct differ- 
ence in appearance between the good and poor material. 


Cuay TESTING 


Proper and sufficient samples having been obtained by boring. 
channeling or by both methods, it then becomes necessary to develop 
tests which can be made ates and which can be coordinated with 
plant practice. For this a testing laboratory equipped with grinding 
and screening equipment and a small test furnace or kiln is necessary. 

In order that the results of such tests may be used effectively as a 
guide and aid in mining, the tests should be completed and the results 
reported to the mine superintendent or foreman within 48 hr. after the 
time the samples are taken at the face. 

The writer is not a ceramic technologist and is not competent to 
discuss or suggest the details of testing the samples for any given class 
of ware, but he does know that satisfactory testing of mine samples, 
within the time limit mentioned, is being done in some refractory plants 
as a matter of regular routine. 


SELECTIVE MINING 


The sampling and testing having been satisfactorily done, the manage- 
ment is now in position to give instructions to the mine superintendent 
which will enable him to properly select the clay in each part of the 
mine sampled. The writer knows of one company manufacturing 
refractories where the results of regular mine sampling and testing are 
transmitted to the mine foremen in the form of written instructions 
telling exactly what to mine and what to discard at each working face. 
Here any change in the appearance of the clay in any part of the mine 
is immediately reported to the testing department and a man is detailed 
to resample such place or places. New mining orders are issued on the 
basis of the new tests. 


In order that the seloctis m™ 
may be effectively carried out, it ; 
orders to the mine officials. These 1 men can cooperate more sa #8 


heartedly and intelligently if they know what it is all about. They 
should know more about the clay processing and firing than many of 


them now know. ‘Take them into the manufacturing plant and show 
them the effects of poor clay on the finished product. If the mine 
officials understand the importance of the tests and of carefully selecting 
the clay in the mine or pit according to tests, the battle for well-graded 
clay is at least half won (assuming loyal and competent mine officials). 


They can and will then sell the idea of careful mining to the men loading 


the clay. Most men are willing to cooperate if they know what it is 
all about and without the wholehearted and intelligent cooperation of 
both mine officials and miners selective mining of clay will be a failure. 

After control sampling and testing is once established and the mine 
officials and the miners are educated as to the plant needs, selective 
mining for quality in either open-pit or underground mine can be carried 
on to practically any degree desired, provided the management realizes 
that the more careful the selection made by the miners the less the output 
of the miner per day, and consequently the higher the cost per ton of 
the clay. The position and distribution, in the deposit, of the material 
to be discarded in the mine has much to do with the cost of selective 
mining. There are many places where the different varieties of clay 
are so distributed by nature that they can be shot and loaded separately 
with little inconvenience to the miner, while in other deposits they are 
so intermixed in the deposit that a slow hand and shovel sorting are 
necessary if any appreciable degree of selection is to be accomplished. 
It should be recognized that mechanical loaders (power shovels and 
other types) do not lend themselves to a very great degree of selective 
mining and that such machines must be replaced by hand loading if a 
great degree of selection is desired. 

Assuming a sufficient knowledge of the clay, the degree of selective 
mining to be done should be regulated by what is profitable. As long 
as the cost of selective mining is more than counterbalanced by increased 
value of the finished product or by decreased losses in manufacture, 
selective mining is profitable, but when the cost of further selection of 
clays is no longer reflected by a corresponding increase in value of the 


finished product, the economic limit has been reached. This is a simple . 


economic problem to be solved by the management of each plant and 
mine. In solving this problem, however, one must not lose sight of the 
fact that the entire cost of selection in the mine, particularly where such 
selection means the abandoning of certain parts of the mine, may not 
immediately be reflected on the cost sheets because the cost of leaving 
the clay in certain parts of the mine may show up at a later date in the 
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; form of Geareusode recovery, increased drainage and haulage costs, etc. 
_ In this connection, it is important that the management know something 


of the problems of mine operation in order that they may demand from 
the mine only that which is fair and reasonable. The attitude in too 
many Ohio plants, particularly those using clay from underground 
mines, is that the mine is a necessary evil and the problems of mining 
are not understood and little studied by the management. There is all 
too little appreciation of the fact that economies that would make possible 
considerable increases in the annual dividends are possible in many of 
our clay mines and pits. When the manufacturer of refractories and 
heavy-clay products is as anxious to discuss his mine problems and 
economies in mining as he is to discuss his forming, drying and firing 
problems, real progress will be made in mining. A dollar saved in the 
mine or pit is worth just as much as a dollar saved in the plant, and a 
dollar wisely spent in the mine is just as good an investment as a dollar 
wisely spent in the plant. 


BLENDING AND MIxING 


Another element of great importance is the proper blending of the 
various varieties of clay coming from the mine, to the end that the 
plant may make a product of uniform quality. Some of the plants have 
large storage capacities into which the clay from the primary crusher is 
distributed in horizontal layers either by means of belt conveyors with 
mechanical trippers or otherwise, and from which the clay is fed to the 
dry pans or wet pans in as nearly vertical slices as practicable. With a 
storage capacity of not less than two days run of the plant, this method 
is producing an apparently well blended and quite uniform product in a 
number of plants. 

In many plants, particularly the smaller ones, the clay from the mine 
or pit is dumped directly into a small hopper and thence directly to the 
dry pan and onto the forming equipment, with very little storage capac- 
ity or opportunity for mixing or blending anywhere in the process. 
The writer’s observations in both open pits and underground mines have 
convinced him that blending and mixing in the mine so as to produce a 
uniform product with the flow sheet described is impossible unless the 
clay is exceptionally uniform in quality throughout the deposit. There 
is no doubt that frequently manufacturing troubles attributed to other 
causes are in fact due to lack of proper blending and mixing of the clays 
before they are fed to the forming machines. 

The writer has visited a few open pits, using power shovels, where 


‘blending, satisfactory for heavy-clay products manufacture, was appar- 


ently being obtained. This was done by the shovel operator, who mixed 
and prepared the clay while the cars were being dumped. Such mixing 


_ is beyond the scope of hand loading. 1 ner pit re 
the deposit is in the form of a main lower bench of one quality and an — 
upper and thinner bench of another quality. In this pit t e lower bench : 
was loaded by steam shovel while the upper bench was loaded by hand, 
a measured quantity being dumped into each pit car. A number of © 
plants depend on the shooting to mix the clay so that it can be loaded by © 
hand into mine cars and dumped directly to the dry pan. Personal 
observations have convinced the writer that shooting does not mix the 
clay to the extent frequently believed and that satisfactory blending by 

hand loading is not practical unless the clay is so uniform as not to need ; 
E much blending. The clay is usually shot in benches and the final pile 
; is in layers essentially corresponding to the benches shot. The average 
mine or pit can produce clay so that the average of one day’s run will 
agree with any other day’s run, but few mines or pits can produce clay 
so that each mine car throughout the day will have the same quality 
of clays. The mixing and blending of clays is essentially a plant job and 
not a mine job. 


SUMMARY 


Summarizing, we may say: 

1. An intimate knowledge of the varieties of clay and impurities in 
any clay deposit based on sampling and testing is necessary before 
selective mining can be satisfactorily done. 

2. Tests of samples must be coordinated with plant practice. 

3. Results of tests of samples should be reported to the mine officials 
within 48 hr. after taking the samples. 

4. The mine officials should know more than they do about the 
effects of poor clay and impurities on the finished product. 

5. The management should be more familiar with mining conditions 
and problems. 

6. Selective mining is physically possible but increases costs according 
to the degree of selection required and the condition of the clay in 
the deposit. 

7. The degree of selection to be required is an economic problem to 
be solved by the management of each plant. 

8. The blending of clays for uniformity of product is essentially a 
plant problem and not a mine problem. 


DISCUSSION 


A. F, Greaves-Watxrr, Raleigh, N. C. (written discussion).—Professor Nold’s 
paper touches on an important phase of the manufacture of clay products that is too 
often overlooked or slighted. In discussing the subject of sampling undeveloped 
deposits, Professor Nold does not touch on the sampling of those deposits in which 
the strata have been folded and therefore dip at angles ranging from vertical almost to 
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Some Properties of Fuller’s Earth and Naan Barths * 
as Oil-refining Adsorbents* 


By C. W. Davist anp L. R. Musser,t Reno, Nev. 


(Los Angeles Meeting, September, 1928) 


Tue name fuller’s earth, which was derived from its early use in 
“fulling”’ or removing grease from woolen goods, is a term that is gener- 
ally considered to designate mineral matter, containing hydrous alumi- 
num silicates of the clay group, which has a high capacity for removing 
colors from oils, whether of animal, vegetable, or mineral origin. Fuller’s 
earths are usually dried and may be “‘tempered”’ by heating or may be 
treated with water or reagents to improve their efficiency. 

For our purpose the term ‘‘acid-treated earths” will include those 
products from the partial decomposition of mineral water by acid which 


are equal to or more efficient than an untreated fuller’s earth from 


Quincy, Fla., when used in bleaching mineral oil by the “‘contact”’ process. 

In general, the contact process for treating oils consists of heating and 
agitating a mixture of oil and finely divided adsorbent, the latter being 
subsequently removed by filtration. 

The term ‘‘adsorbent” is used because, although there has been a 
great deal of controversy over the mechanism of removal of impurities 
from oils by mineral matter, there is no doubt that adsorption, which 
involves the surface of the solid, plays a major part.! 

The properties that make fuller’s earth useful in the treatment of 
petroleum products by “percolation” and in the purification of edible 
oils by the contact process have long been studied, but the comparatively 
recent adaptation of the contact process to the bleaching of petroleum 
products has made desirable the further investigation of fuller’s earth 
and other adsorbent earths. 


* This paper represents work done under a cooperative agreement between the 
U. S. Bureau of Mines and the University of Nevada. Published by permission of 
the Director, U. 8. Bureau of Mines. 


} Associate Chemist, U. 8. Bureau of Mines. 


{John Armstrong Chaloner Research Fellow 1927-28, Mackay School of Mines, 
University of Nevada. 


1H. L, Kauffman: The Role of Adsorption in Petroleum Refining. Chem. & Met. 


Eng. (1924) 30,153. 


B. Neumann, and 8. Kober: Bleaching Action of Bleaching Earths on Oils. Ztsch. 
angew. Chem. (1927) 40, 337; Chem. Abs. (1927) 21, 2811. 


T. H. Rogers, F. V. Grimm and N. E. Lemmon: Adsorption Studies on the Decolor- 
ization of Mineral Oils. Ind. & Eng. Chem. (1926) 18, 164. 
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About 40 earths, including pure clay minerals supplied by the U. 8. 
National Museum, various types of fuller’s earths, acid-treated earths, 
and impure clays, were used in the tests. The following 17 earths, of 
which the first 14 require acid treatment to develop their bleaching power, 
were selected for special attention: 


No. 1. Calcareous earth from Moapa Valley, Nev. 

No. 2. Commercial bleaching earth from Southern California. 

No. 3. Bleaching earth from Beatty, Nev. 

No. 4. Commercial bleaching earth from near Shoshone, Calif. 
No. 5. Commercial bleaching earth from Southern California. 

No. 6. Commercial bleaching earth from Southern California. 

No. 7. Otayite from Otay Valley, Calif. 

No. 8. Shoshonite from Shoshone, Calif. 

No. 9. Calcareous earth from Las Vegas, Nev. 

No. 10. Bentonite from Lahontan Dam, Nev. 


No. 11. Bentonite from Clay Spur, Wyo. 

No. 12. Bentonite, commercial adsorbent, from Southern California. 

No. 13. Bleaching earth from Acme, Ney. 

No. 14. Montmorillonite, pure mineral, from San Diego, Calif. 

No. 15. Halloysite, pure mineral, from Horse Cave, Ky. 

No. 16. Commercial fuller’s earth from Quincy, Fla. 

No. 17. Commercial fuller’s earth, high-magnesia type, from Nye 
County, Nev. 


The color of oils was measured by the Ives tint photometer, which 
gives a quantitative measure of the amount of each color for which it is 
desired to test. Determinations of the red, yellow, and green content 
were found satisfactory for our work, as red and yellow are sufficient for 
most tests (color glasses of the red and yellow series with the Lovibond 
tintometer have been used in the past when an accurate measure of the 
color of oils was required). The instrument is graduated from 0 to 100 
in such a way that the lighter the color of the oil becomes the higher is the 
reading. A reading of 100 indicates a colorless oil. 


ORIGIN OF FULLER’S EARTHS 


Fuller’s earth deposits are described as Tertiary sedimentary beds, 
with the exception of an occurrence in Arkansas? that results from altera- 
tions in situ of basic dikes containing a high percentage of ferromagnesium 


2H. D. Miser: Developed Deposits of Fuller’s Earth in Arkansas: U. S. Geol. 


Survey Bull. 530 (1912) 10. 
TRANS, (1929).—19 
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minerals. Deposits from 


shaped fragments. _ 

_ The Georgia and Florida fuller’s ee is thought to have been depos- 
ited as a calcareous clay in shallow marine waters. Shearer says: “The 
leaching of the calcium carbonate left a large volume of openings while 
the silica originally present, together with that deposited from solution, 
left a framework strong enough to hold the pores open.”’® 

Quaternary deposits are found in New York‘ and in Massachusetts.” 
The deposit in Massachusetts is glacial silt, free from pebbles and con- 
taining only a few large boulders. 

California bleaching earth of the high-magnesia type seems to have 
been produced by the alteration of a crystal tuff* that contained some rock 
fragments. The filling between the fragmental material was a fine vol- 
canic dust. The tuff is believed to have been basic because of the notable 
magnesium content shown by chemical analysis, the absence of quartz, 
the basic nature of the feldspars, and the iron present. Thin sections 
show rock fragments, numerous crystals of fairly basic plagioclase, and 
occasional small particles of hornblende. The interstitial filling is an 
aggregate of fine microscopic fragments and altered material which is 
light brown and turbid when seen by transmitted light. Under crossed 
nicols this groundmass shows faint polarization in grains too small to be 
identified individually by their optical properties. In the groundmass are 
seen veinlets and irregular patches of a transparent, isotropic, light brown 
substance which has an index slightly higher than balsam and is thought 
to be gelatinous silica formed during the alteration of the tuff. The rock 
fragments are light brown and contain some broken crystals of feldspar. 
Under crossed nicols the isotropic, light brown material is seen to contain 
a few small spherulites. In most instances the borders of the fragments 
show polarization due to crystallization. The feldspar crystals are 
essentially unaltered, appearing practically fresh. Most of the horn- 
blende has been altered along with the groundmass. Other common 


*H. Ries: Fuller’s Earth of South Dakota. Trans. A. I. M. E. (1897) 27, 333. 

‘J. E. Lomar: Preliminary Report on the Fuller’s Earth Deposits of Pulaski 
County, Ill.: State Geol. Survey Rept. of Investigation 15 (1928) 10. 

5H. K. Shearer: Bauxite and Fuller’s Earth of the Coastal Plain of Georgia. 
Geol. Survey of Ga., Bull. 31 (1917). 

6H. Ries: Fuller’s Earth: New York State Mus. Bull. 35 (1900) 8. 

7W. C. Alden: Fuller’s Earth and Brick Clays near Clinton, Mass. U. 8S. Geol. 
Survey Bull. 430 (1910) 402. 

*L, V. Pirsson defines crystal tuff as compacted, fragmental, volcanic material in 
which crystals of individual minerals are conspicuous. [The Microscopical Characters 
of Volcanic Tuffs. Amer. Jnl. Sci. (1915) 50, 196.] ; 


bedded with clays and sandy een Bedding in the fale "3 eal it 
well developed and the outcrops exhibit a concretionary or nodular 
structure which when broken down into a talus forms | ‘eonchoidal or shell- 
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gy bakelite, which entered into the material along occasional small openings - 
- and seams, but in such a manner as to indicate that there were not 
_ enough openings to allow the bakelite to saturate the sample. . 


min of iron oxide and opaline silica. The samples from 
Ww. ich slides were made were soaked for 48 hr. in a partial vacuum in 


If the California bleaching earth was produced by the alteration of a 
basic tuff, alteration products from other basic tuffs should have the 
property of bleaching oils. With this idea in mind a sample of tuff was 
obtained from an exposure along the Little Truckee River 1 ¥ miles north 
of Boca, Calif. This tuff when dried and ground to pass 200 mesh was 
found to bleach mineral oil fairly well though not well enough for com- 
mercial purposes. A hand specimen of this tuff was buff-colored and 


_ considerably weathered, but it decidedly resembled tuff rather than clay. 


Thin sections show it to be a somewhat altered basaltic lithic tuff con- 
taining a few fragmental crystals, much iron oxide, and some altered 
crystals of olivene. The groundmass is also brown and under crossed 


_ nicols looks very much like the groundmass of California bleaching earth. 


Slides were prepared of California earths which, when acid-treated, 
produce commercial absorbents. These earths can be classed as those 
which show the texture of volcanic ash and those which are so fine grained 
that the texture before alteration can not be determined. 

Thin sections of earths which have had a pyroclastic origin show 
outlines of lithic or glassy fragments. One section of otaylite is composed 
wholly of glass shards, under 0.3 mm. in length, and is a typical vitreous 
tuff similar to that illustrated by Pirsson.? However, in this otaylite 
section the glass shards are almost completely devitrified. The larger 
fragments have fine, fibrous, radial crystals around the borders. Small 
globules of glass, not over 0.15 mm. dia., have a similar arrangement, with 
erystals radiating from the center, which under crossed nicols appear 
exactly like spherulites. These circular structures were probably formed 
upon the devitrification of the glass, and it is proposed that they be called 
pseudospherulites. 

In the slides of fine-grained earths it was impossible to discover the 
outlines of glass particles by removing the upper nicol, lowering the 
condenser, shading the mirror, and moving the objective slightly. How- 
ever, pseudospherulites were found in one slide of montmorillonite. 
Under crossed nicols with high-power objective the field appeared to be 
filled with minute laths of a micaceous mineral having nearly parallel 
extinction, negative elongation, and moderate birefringence. Fresh 
powders of montmorillonite gave a mean index of 1.505 + 0.008. The 
slides of two other fine-grained commercial earths appeared like mont- 
morillonite in patches, although other light brown areas which were 


9L. V. Pirsson: Op. cit. 


isotropic showed incipient ¢ wd 
earths gave a mean index of 405) ear eM hossde 
Earths which commonly require acid treatment before becoming 
effective as adsorbents were probably formed by the alteration of voleanic “. 
ash deposited as vitric tuffs which were later devitrified. Itis suggested _ R 
that during alteration the deposits were subjected to attack by alkaline 
solutions formed from soda, potash, or lime in the tuff. Under these : 
conditions hydrous aluminum silicates were formed which show a high 
silica-alumina, ratio. 
Tests were made with clay Suites that have been thought to be the 
cause of the bleaching action of acid-treated earths. Pure clay minerals 
were obtained from the U. 8. National Museum. Montmorillonite, 
halloysite, pyrophyllite, and kaolinite were given different acid treatments _ 
and the products were contacted with oils. Of these, only montmorillo- 
nite gave a product that compared at all favorably with commer- 
cial products. 


-Fuller’s earth is nearly always described as a hydrous aluminum sili- 
cate, the chemical composition of which may be too variable to afford 
a means of identification; as shown in Table 1, the analyses of various 
samples of fuller’s earths (A and B) differ markedly, and various clays (C) 
having no oil-bleaching value may approximate the composition of 
good bleachers. 1° 

In a general way, however, the compositions of fuller’s earths are 
informative, for their ratio of silica to alumina is much higher than that 
of kaolinite (being about four, five, or six to one for good grades of fuller’s 
earth) and in the highly efficient bleaching agent occurring in Nye County, 
Nev., the composition is that of a hydrous magnesium silicate’! (analysis 
D, Table 1). 

The earths from which good acid-treated oil-bleaching adsorbents 
may be prepared are, like fuller’s earths, variable in composition, but 
their silica-alumina ratio (generally two or three to one), although greater 
than that of kaolin, is not so high as that of fuller’s earth (analyses E and 
F, Table 1). After acid treatment the silica-alumina ratio may be five 
or six or more to one, approaching or even exceeding that of fuller’s earth 
(analysis G, Table 1). 

When fuller’s earths, containing no soluble salts, have a high apparent 
acidity in water, they invariably have good bleaching action; most fuller’s 
earths from England and from the Coastal Plain of the southeastern 
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°C, L. Parsons: Fuller’s Earth: U. 8. Bureau of Mines Bull. 71 (1913); see also 
H. K. Shearer, Op. cit. 


1'V. M. Arciniega: Refinery Clays Mined in Nevada. Eng. & Min. Jni. (1926) 
121, 408. 
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TaseE 1.—Analyses of Adsorbents and Clays 


A B Cc D E F G 

SiOz, per cenitys...4. ss. 0. 72.95 | 58.10 | 58.72 | 57.95 | 58.04 | 47.38 | 59.30 

Al;Os, per Cents. <0): 5..... 12.65 | 15,43.)916.01 ), 1.57) 15.8% | 15,384) 29.53 

= He:0;, percent.......... 3.560 495 2 2 OL Sp mo tO 2.5 alee) 

SeeeebeO- per cent...........| 0.471 0:30 

— MgO, MeCCeM tr. eee 0.57 | 2.44] 3.80] 19.71 | 4.12} 4.24] 3.20 

~ CaO, per cent.. a neleed OOn TELE 75a leOan aes fa CUSTOMS 2E25 viele Ts 

Na.O, per cent: oy tl Ae: 0.20; 0.27) 2.11} 1.84; 1.62} 0.59| 0.40 
K.O, per cent..... pee hat! 0.68.) 0.66.) 1.50.) 0.43.) 0.75 

CO; percent, were ee 0.84 1.22 None | None 

(Loss —105° C.) per cent.) 5.77 | 4.59) 6.21} 4.82} 4.92] 20.50] 15.10 

(Loss +105° C.) per cent.) 1.25; 9.45} 8.61] 8.11] 10.03! 7.10! 8.79 


_ ~~ iw.” ee oe ee 


“——_ we 


— = wr = 


A. Commercial fuller’s earth from Florida. Analyst, H. K. Shearer (Op. cit.). 

B. Commercial fuller’s earth from Florida. Analyst, H. K. Shearer (Op. cit.). 
C. Clay from Nevada with no bleaching action. Analysis by authors. 

D. Commercial high-magnesia earth from Nevada. Analysis by authors. 

E. Earth from which commercial acid-treated adsorbents are prepared. Analysis 


by authors. 


F. Earth from which commercial acid-treated adsorbents are prepared. Analyst, 


V. Salmi (see Footnote 14). 
G. Commercial adsorbent prepared from earth ‘‘F.”’ Analyst, V. Salmi (Op. cit.). 


The converse is not true, however, for apparent acidity is not a charac- 
teristic of the highly efficient bleaching earths occurring in California and 
Nevada. All of these that we have tested have a high apparent alkalinity 
when placed in water, requiring from 5 to 100 c.c. of N/10 acid per 100 g. 
of earth to effect neutrality. 

Most of the earths from which efficient acid-treated adsorbents were 
prepared gave a basic reaction with phenolphthalein when placed in 
water, so that from 10 to 150 c.c. of N/10 acid per 100 g. of earth was 
necessary for neutralization. 

The apparent specific volume of air-dried fuller’s earth from the 
Southwestern States has been frequently mentioned as a rough measure 
of its bleaching efficiency, the statement being made that if an air-dried 
lump of fuller’s earth will float in water it is almost certain to have good 
bleaching power.!* Fuller’s earths from other parts of the United States 
and from England have a higher apparent density, but a sample of high- 
magnesia bleaching earth of good quality floated for a short time on water. 


12H. K. Shearer: Op. cit. 
13H, K. Shearer: Op. cit. 
GC. L. Parsons: Op. cit. 
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type that were tested showed some swelling. Swelling is not a sur * 
however, for although acid treatment produced a good bleaching agent 5 
from a bentonite from Clay Spur, Wyo., which swells to several times its 
own volume when placed in water, no acid treatment was found that a 
made a satisfactory adsorbent from a South Dakota bentonite which 
exhibited an equal swelling power. Samples of fuller’s earth and most 
earths from which acid treatment failed to produce good bleaching agents 
showed no tendency to swell when placed in water. 

Two types of impurities may reduce the bleaching action of earths— 
—inert matter such as quartz, which merely dilutes, and impurities such 
as iron sulfides, calcium carbonate, or soluble salts, which may reduce the 
original bleaching effect or may cause a decrease in bleaching efficiency 
when the adsorbent is heated to “temper” or “revivify’’ it. 


OIL-BLEACHING PROPERTIES 


In testing adsorbents to determine their value for removing impurities 
from oils by the contact process, several factors must be considered. | 


Temperature of Contacting 


The temperature at which the contact process is conducted varies 
with each oil and should be as low as possible to obtain a satisfactory 
product, for although comparatively high temperatures seem to be 
favorable for the adsorption of impurities from oils (perhaps due to 
increase of adsorption capacity of the impurities through the removal of 
adsorbed gas or vapors, or decreased viscosity, or to increased catalytic 
action at elevated temperature), contact treatment at high temperatures 
increases the free fatty-acid content of vegetable and animal oils and 
tends to darken the color of lubricating oils produced from most 
crude petroleums. 

Four oils were used in our tests. Unrefined soya bean oil was selected 
because it was said to be a very satisfactory standard to use in determin- 
ing the bleaching action of acid-treated adsorbents.'4 A temperature of 
91° C. (the temperature of the oil contained in a beaker immersed in 
boiling water) was found convenient to use with this oil. Medium-grade 
motor oils ready for treatment with adsorbents were obtained from 
California, Texas, and Oklahoma. The poise viscosities of the California 
and Texas oils at 150° F. were 0.28 and 0.62, respectively, and the Saybolt 
viscosity of the Oklahoma oil was 200 at 100° F. The color of the finished 
Oklahoma oil is 3. N.P.A. 


4 V. Salmi: The Chemically Prepared Absorptive Clays and Their Application in 
the Purification of Oils, Fats, and Waxes. Los Angeles, 1926. 


of adsorbent to 100 c.c. of oil. The heating and agitation were continued 


until frothing ceased (about 15 min. ), a8 recommended by various inves- 


tigators,'* and then the oil was filtered at once through filter papers con- 


~ tained in heated funnels. The ratio of adsorbent to oil was chosen so as 


to give an average bleach, the resulting oils being lighter than the market 
product for the Texas oil but not quite so light as the market product for 
the other motor oils. 
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Fig. 1.—EFrect oF con- Fic. 2.—EFFECT OF DIFFERENT 
TACTING TEMPERATURE ON ACID TREATMENTS ON BLEACHING 
THE COLOR OF OILS. CAPACITY OF AN ADSORBENT 

Solid line indicates red FOR DIFFERENT OILS. 
Dashed line indicates yellow 
A. Texas oil C. California oil 
B. Oklahoma oil D. Soya bean oil 


The treated oils were examined for their content of red, yellow, and 
green colors by the Ives tint photometer, as previously mentioned. These 
results, showing the effect of temperature on bleaching for the colors 
red and yellow, are displayed in Fig. 1. The solid curves show it for 
red and the dotted curves for yellow. For each oil the effect for red and 
that for yellow are nearly parallel, so that the red colors may be used to 
show the trend of bleaching. Good bleaches were obtained over a con- 
siderable temperature range, and, although there was some difference in 
the optimum treatment temperature, satisfactory results for all the oils 
were obtained at 150° C. This temperature has been used for all later 
tests in contacting motor oils. 


15H, L. Kauffman: Arizona Halloysite Suitable for Clay Pulp Contact Filtration. 
Ref. & Nat. Gas. Mfg. (1927) 6, 68; also private letters from oil-refinery chemists. 
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_ the adsorbent (a commercial acid-treated earth) in proportions of 4 gin 
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Preparation of Acid-treated Adsorbents ot 


There is a decided difference between the action of acids on fuller’s © 
earths and on other earths which may beso treated as to make them efficient 


oil bleachers. Most fuller’s earths are not changed much by the action of | 


weak sulfuric acid solutions, but such a treatment may remove impurities 
from some so as to improve their grade.!8 A drastic acid treatment 
reduces the value of most fuller’s earths, but such a treatment applied 
to certain earths (which may possess no value as bleaching agents in the 
raw state) may produce a very excellent adsorbent. Sulfuric acid is 
generally used (hydrochloric acid has been used in Germany)'® and its 
quantity and other conditions of treatment to produce the best products 
have to be determined for each earth by tests. _ 

The 17 samples of the earths previously listed were tested to determine 
the effect of different acid treatments on their bleaching power for the 
four oils. Of the several methods by which the severity of the acid 
treatment may be regulated, we used that of varying the concentration of 
the acid-water solutions, keeping the temperature, time of treatment, 
and earth-solution ratio constant. Samples were ground to pass 100 mesh 
and heated for 4 hr. at water-bath temperature (91° C.) with five different 
concentrations of sulfuric acid solutions, the amount of H2SO, in the 
solutions being 5, 15, 20, 30, and 60 per cent. by weight. The solid matter 
was washed with water several times to remove most of the acid and 
soluble salts, dried at room temperature, and ground to pass 200 mesh. 
Three liters of acid solution was used for each kilogram of earth. 

Bleaching tests were made with these 80 products and four oils, using 
the conditions previously outlined (4 g. adsorbent per 100 e.c. oil, 91° C. 
for soya bean oil, and 150° C. for the motor oils). . The amount of red, 
yellow and green removed was determined by the Ives tint photometer. 

The results, too bulky to include in this paper, show that an earth 
may require a certain acid treatment to make it the most efficient adsorb- 
ent for treating one oil, but that another treatment is better when used 


16H. L. Kauffman: Design and Operation of Contact Filter Plant. Chem. &. Met. 
Eng. (1927) 34, 158. See also Footnote 15. 

“P. W. Prutzman: Decolorizing Oils. U. 8. Patent 1653735. Dec., 1927; 
also V. Salmi, Op. cit. 

18 J. T. Porter: Properties and Tests of Fuller’s Earth. U.S. Geol. Survey Bull. 
315 (1906) 272. 

19 R. Dekert: German Fuller’s-earths Deposits, Preparation, and Marketing. 
Eng. & Min. Jnl. (1925) 120, 848. 
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ig. 2, where color is plotted against 


mmercial earth from Southern California. For Texas motor oil the 
; isorbent prepared by treatment with 25 per cent. acid solution gives the 
_ lightest color, while adsorbents prepared by treatment with 15 per cent. 
= acid solutions give the best results with California motor oil and soya 
bean oil. Fig. 2 also shows that a good bleach is obtained on Texas oil 
__ by using adsorbents produced over a considerable range of acid concen- 
_ tration, while the adsorbent for the best bleach of California oil must be 
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Fig. 3.— EFFECT OF DIFFERENT ACID Fig. 4.—EFrreEcT OF DIFFERENT 
TREATMENTS ON BLEACHING CAPACITY ACID TREATMENTS ON BLEACHING 


OF SEVERAL ADSORBENTS FOR ONE OIL CAPACITY OF A TYPICAL FULLER’S 
EARTH FOR DIFFERENT OILS. 


Numbers correspond to those of the A. Texas oil 
list of earths, page 289. B. Oklahoma oil 
C. California oil 
D. Soya-bean oil 


Fig. 3 give the effect of different acid treatments of several different earths 
(the numbers on the curve refer to the number of the earths previously 
listed) on the color of California oil; this oil was used because ‘of its 
susceptibility to the effect of different acid treatments of its adsorbents. 
The curves show that sulfuric acid of about 15 per cent. concentration 
(by weight) gives the optimum bleaching effect of several earths on a 
California oil. Most of the published acid-treatment methods for earths 
designate 17 to 20 per cent. acid.?° 

The curves of Fig. 4 are typical of fuller’s earths from the southeastern 
United States, showing that acid treatment reduces their bleaching action; 
the more drastic the treatment, the greater the reduction in their decoloriz- 
ing value. 
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20 Private communications from oil-refinery chemists; also V. Salmi, Op. cit.. and 
H. L. Kauffman: Op. cit., Footnote 15. 
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prepared with close attention to its acid treatment. The curves of _ 
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the oil to be treated with different amounts of the adsorbents, keeping — 


the conditions during the treatment of both adsorbents as nearly alike 
as possible. f ' . ~ 
Such a method is concerned only with one resultant color. If the 
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required color happens to be a maximum bleach, such a test is not satis- — 


factory, for a considerable variation in the quantity of adsorbent would 
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Fig. 5.—RELATIVE EFFICIENCIES OF Fic. 6—RELATIVE EFFICIENCIES OF 
DIFFERENT ADSORBENTS ON CALIFORNIA DIFFERENT ADSORBENTS ON SOYA BEAN OIL. 
MOTOR OIL. 


Numbers correspond to those of the list of earths, page 289. 


show little color change. Although such a comparison at some point 
where a small change in the amount of adsorbent shows a marked color 
change gives the relative efficiency for a certain color, it is not always safe 
to use the efficiencies thus determined as a measure of the efficiencies of 
these adsorbents for bleaching to some other color, as has been done in 
the past. However, an adsorbent with marked bleaching value at one 
color will probably give fair results for other degrees of bleaching on 
the same oil. 

The bleaching efficiencies of the 17 earths previously listed and of 
their acid-treated products was examined throughout a considerable 
range by contacting equal quantities of the four oils used in our investiga- 
tion with different amounts of the adsorbents. The color of the resultant 
purified oils in terms of red, yellow, and green was determined, and the 
colors were plotted against the grams of adsorbent used per 100 c.c. of oil. 
The conditions such as fineness of adsorbents, temperature, time and 


a 


‘method of filtration were kept as nearly constant 


as our equipment permitted. — 


For the purpose of showing how the relative efficiencies of different 
adsorbents may change, the efficiency curves of three adsorbents (No. 5, 
an acid-treated commercial earth; No. 16, a Florida fuller’s earth; and 
No. 17, a high-magnesia type of bleaching earth) for soya bean oil and for 


a California motor oil have been selected from the large number made. 


For clearness of exposition only the curves for the red are shown. 

In Fig. 5, using California oil, it may be seen that for the color 14 the 
efficiency of adsorbents No. 5A and 16 are equal and that both are slightly 
better than No. 17; at 55, the color at which the oil is marketed, 5 g. of 
adsorbent No. 5A is equal to 10 g. of adsorbent No. 17 and to about 1214 
g. of No. 16, showing that No. 5 is twice as efficient as No. 17 and two 
and one-half times as efficient as No. 16; at color 80 the difference is not 
so great, being 15/11 with respect to No. 5 and No. 17. 

Fig. 6 shows the different efficiencies of the same adsorbents used 
with soya bean oil. At color 75 the efficiency of No. 5 is four times that 
of No. 16 and nearly five times that of No. 17, whereas at color 80 the 
efficiency of No. 5 is only twice that of No. 16 and two and one-half times 
that of No. 17. 

The curves of Figs. 5 and 6 also show that although adsorbent No. 17 
is more efficient than No. 16 for California motor oil, the reverse is true 
for soya bean oil. This isin accord with the well-known action of different 
fuller’s earths, as material from one deposit was found to be superior for 
bleaching edible oils, and earth from another was found preferable for 
mineral products.?! 


Errect or SomME Factors ON EFFICIENCY OF ACID-TREATED ADSORBENTS 


Salmi? has found that the optimum moisture content of adsorbents 
depends on the product being treated and the adsorbent used, but in 
general is determined by the water present in the oil and the temperature 
at which the oil is contacted. He states that the optimum moisture con- 
tent of adsorbents used with water-free edible oils contacted at about 
100° C. is approximately 15 per cent. Edible oils containing water and 
light petroleum fractions contacted at atmospheric temperature are best 
treated with water-free adsorbents. 

The less volatile petroleum fractions which are treated at compara- 
tively high temperatures are usually more effectively treated by an 
adsorbent containing considerable moisture, and they may be treated 
by an adsorbent mixed with water to form a sludge.”* 


21 H, K. Shearer, Op. cit. and C. L. Parsons, Op. cit. 

22, V, Salmi: Op. cit. 

23 G. Reid: Clay as Applied as Pulp for Treating Lubricant Stock. Ref. & Nat. Gas 
Mfr. (1928) 7, 63; see also V. Salmi, Op. cit. and H. L, Kauffman; Op. cit., Footnote 15. 
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Effect of Heat on Adsorbents ~ oe \- 


é Most fuller’s earths may be heated at 650° to 700° C. without destroy-_ m 
ing their efficiency, a property made use of in burning impurities from 
earths that have been used for the percolation of petroleum products. 

. To determine the action of heat on different adsorbents used in the 

‘ contact process, samples of a number of adsorbents were heated at —— 

# different temperatures. oy. 
The losses of water and efficiencies of the different products in remov- 

pe ing red, yellow, and green from four oils (using 6 g. of clay per 100 c.c. of 

BY oil) were determined. 

Results for typical adsorbents are given in Table 2, which shows the 
red colors of samples of Oklahoma oil after contacting with these products, 

: and the loss of moisture at the different temperatures. These results 
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TABLE 2.—Effect of Temperature on Adsorbents 


S 110° C.—24 Hr. 235° C.—12 Hr. 450° C.—3 Hr. 600° C.—3 hr. 900° C 
Rey Loss H20 
g dried Loss H2O Loss H20 Loss H20 Loss H20\"""pe, 
8 Color Color Per Color Per Color er Color Per Cont = 

Cent. ent.¢ Cent.¢ Cent. : 
4A 84 79 4.92 75 | 2.47 68 3.93 54 0.38 4.25 
6A 87 81 9.97 80 2.18 76 1.84 79 0.90 4.49 : 
ie 84 79 4.82 70 1.07 56 1.18 21 0.51 5.35 


2 The figures in this column show the additional H.O loss caused by heating material that had already 
been heated at the next lower temperature, . 


show that for Oklahoma motor oil all adsorbents show a small loss of 
bleaching efficiency on being air dried at about 20° C. This loss is 
repeated as the temperature of heating is raised, until a point is reached 
where the bleaching power is too low for practical use. The tempera- 
ture at which this occurs differs for each adsorbent. 

As shown in Table 2, the high-magnesia type of earth (No. 17) had its 
bleaching power greatly diminished by heating at 450° and still further 
destroyed by heating at 600° C. This demonstrates the impossibility of 
heat treatment for revivifying used earths of this kind. No. 4A, a com- 
mercial acid-treated earth from near Shoshone, Calif., became inefficient 
at 600° C., and the bleaching power of all adsorbents tested was destroyed 
by heating at 900° C. 

Most properly prepared acid-treated earths retain their efficiency on 
exposure to the air for long periods of time and are not harmed by heating 


24. L. Kauffman: Op. cit., Footnote 16. 
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= ing, but other adsorbents ehich: are prepared by acid treatment and 
deteriorate in storage lose their efficiency rapidly when heated.2*> Heat- 
_ ing, then, would seem to be a relatively rapid way to determine the keep- 

_ ing quality and to learn the possibility of revivifying acid-treated earths. 
___ Using this criterion in interpreting results given in Table 2, it would seem 
; that No. 6A (a commercial acid-treated earth from Southern California) 
would stand revivifying by burning and be unaffected by storage, while 
the value of 4A which is destroyed on heating might be expected to deteri- 
orate on standing. The latter supposition was not verified, because 
exposure for six months to the dry atmosphere at Reno had very little 
effect on the bleaching power of any of our acid-treated produets. Stor- 
age in humid atmospheres would doubtless be more severe. . 

Exposure to water in an attempt to restore the bleaching power of the 
products from the heat treatment was a failure. 

The afterbleach of vegetable oils has been discussed by Parsons and 
others,?° who found that this further decrease of color of bleached oils on 
exposure to light varied according to the fuller’s earth used in the original 
bleach. Soya bean oil which had been bleached with some of the adsorb- 
ents used in our tests showed a slight afterbleach when exposed to bright 
sunlight for several days. 

Samples of bleached motor oil remained unchanged in the dark, but- 
portions of the same samples exposed to bright sunlight for two weeks 
became slightly darker. 


‘ 


SUMMARY 


(1) Most fuller’s earth deposits are sedimentary, but one in Arkansas 
is said to be the result of the alteration of basic dikes, and another occur- 
rence in Massachusetts is a glacial silt. 

(2) An examination of thin sections of a California bleaching earth 
of the high-magnesia type gave evidence of its being the product of the 
alteration of a basic crystal tuff. 

(3) Additional evidence for this theory was furnished when a somewhat 
altered tuff from near Boca, Calif., was contacted with a motor oil and 
found to bleach fairly well. An examination of a thin section of this 
material showed it to be a basalt lithic tuff, the ground mass of which 
resembled the California high-magnesia bleaching earth. 

(4) Slides were prepared of California earths which, when acid-treated, 
produce commercial adsorbents. These may be divided into two classes, 
those which show the texture of volcanic ash and those too fine-grained to 
exhibit a characteristic texture. 

(5) Of several clay minerals tested, only montmorillonite when acid- 
treated gave a product which had good bleaching action. 
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25 V. Salmi: Op. cit. 
26 H. K. Shearer: Op. cit. and C. L. Parsons: Op. cit. 


(6) The chemical compositi earths | 
which oil-bleaching adsorbents may “i eed are wide 


applicable to material from certain districts. 

(8) The property of swelling in water seems to be peculiar to earths 
that become good adsorbents by acid treatment; but not all earths that 
swell make good oil bleachers on treatment with acid. 

(9) The optimum temperature for “contact,” which is determined 
by the character of the petroleum product being treated, was found to be 
nearly the same for the three motor oils used. 

(10) The concentration of sulfuric acid in the water-acid solution that 
produced the best adsorbents ranged from 15 to 20 per cent. by weight; 
more concentrated solutions were detrimental. 

(11) The order of the efficiencies of two adsorbents for motor oil may 
be different from their order for soya bean oil, and the relative efficiencies. 
of two adsorbents used with one oil may change considerably at different 
points in the bleaching. 

(12) The optimum moisture content of an adsorbent depends on its 
nature and that of the oil but is largely determined by the temperature 
of contacting and the quantity of moisture in the oil. 

(13) Most fuller’s earths and many acid-treated adsorbents are not 
affected by heating, but high-magnesia bleaching earth loses its bleaching 
value upon being heated. 

(14) Soya bean oil as bleached by many adsorbents is somewhat 
lightened by exposure to sunlight, whereas some bleached motor oils 
become slightly darker under the same treatment. 
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but a high silica to alumina ratio is characteristic of them! a See = 
(7) Several tests that have been used to identify fuller’s earth are only 


Transverse Faults at Kennecott and Their Relation to the 
Main Fault Systems 


& 
By Samurt G. Lasxy,* Kennecort, ALASKA 


(New York Meeting, February, 1929) 


Fav.tine at Kennecott, with its attendant fracturing, is unusual, 


- complex, and important. As study and knowledge of the various fault 
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systems have progressed, appreciation of that importance has helped 
in the selection of proper horizons for exploration and in the avoidance of 
useless crosscutting and drifting. 

During the study of this faulting and fracturing, a suggestion con- 
cerning the formation of the ore-bearing fissures occurred to me. 
Further study in the available portions of the approximately 45 miles 
of workings in the Kennecott mines for the purpose of checking up the 
the suggestion led to the hypothesis which this paper will attempt to 
present. Briefly, the hypothesis may be stated as follows: The forma- 
tion of transverse faults that stop against a main system is connected 
with changes in the strike or dip of the main fault, and such cross faults 
or fractures lie in the moving block of the main fault system and indicate 
a change in strike or dip of the main fault. 

It has been found that each kind of change tends to produce definite 
effects and that careful study of the evidence can often suggest the 
exact type of change. 


OUTLINE OF KENNEcOTT MINES GEOLOGY 


The mines at Kennecott are on the northeast flank of a broad anti- 
cline,! where erosion has exposed the Upper Triassic Chitistone limestone 
resting conformably on the Permian or Triassic Nikolai greenstone.* 
These two are the only formations exposed in the immediate vicinity 
of the mines that bear relation to the ore deposits. The Nikolai green- 
stone is a series of altered basaltic lava flows, the actual thickness of 
which is unknown. 

The Chitistone limestone is the ore-bearing formation. At its base 
is a bed of about 5 ft. of red, green, or black shale which shows strong 
evidence of movement wherever it is exposed underground—one of the 


* Kennecott Copper Corporation. 
1A. M. Bateman and D. H. McLaughlin: Geology of the Ore Deposits of Kenne- 
cott, Alaska. Econ. Geol. (1920) 15, 10. 
2F. H. Moffit and S. R. Capps: Geology and Mineral Resources of the Nizina 
District, Alaska. U.S. Geol. Survey Bull. 448 (1911). 
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may be absent at any section. The total thickness of this succession 
is 90 to 100 ft., though locally it has been found as thick as 130 ft. and 
as thin as 60 ft. Above this is a very thick-bedded dolomitic limestone. 
The dolomite is not an original deposition confined to certain beds, 
although the average strike of the limestone-dolomite contact roughly 
approximates the strike of the beds, grading sometimes sharply, some- 


between the limestone and the dolomite is usually easy. 
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Fig. 2.—PLAN OF PORTION OF WORKINGS AND SECTIONS SHOWING PRIMARY AND TRANS- 
VERSE FAULTS EXPOSED ON THREE LEVELS. 


The average strike of the bedding is about N. 60° W., and the dip 
from 22° to 40° N. E., steepening to the northwest and also down the 
dip (Fig. 2). Several small transverse folds lie on the flank of the main 
fold, with their axes paralleling the dip of the beds and pitching with 
them. They cannot be seen on the surface but have been revealed 
underground in the course of mining. ‘These transverse folds, forming 


grooves and ridges down the dip of the beds, are important. 
Trans. (1929)—20. 


cent. MgO e of the lower beds, ich contains less. 
1 per cent. ere, however, the dolomite may stop abruptly | 
at either a ‘bedding plane or a thin gouge seam. Visual distinction 
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the dolomitic Se eo or near its Petati with rey i < 
this reason, preliminary exploration is restricted to that horizon of the 
dolomite. That mineralization favors the dolomitic phase may be due 
to the greater fracturing in the brittle dolomite, rather than to pref- 
erential replacement, since fissures in an ore zone extending into the 

limestone from the dolomite are equally mineralized throughout. The ——= 
location of the ore depends upon the location of the fracturing which, in — 
£ turn, is controlled by the bedded faults, as I will attempt to show. 


: FAuLTING 


Three main types of fracturing are exposed in the Chitistone lime- 
stone; faults which extend into the greenstone and displace the entire 
formation, bedded faults, and the zones of fissuring in which the ore 
mainly occurs. Most of the faults displacing the full formation are 
premineral; some have also postmineral movement. A few ofthem have, | 
in a local sense, large displacement; there are many of small displace- 
ment. The stratigraphic displacement of the limestone-greenstone 
contact is the only common evidence available for the solution of these 
faults, and it is difficult to determine how much of that displacement 
is due to strike movement and how much to dip movement. 

All of the major faults are normal with the exception of one. In 
general they strike about N. 20° E., dip 65° to 90° SE., and are accom- 
panied by parallel zones of fissuring and fracturing and by bedding-plane 
slips and other evidences of disturbance transverse to them. The trans- 
verse structures, together with the fissuring in which the ore occurs, form 
the basis of this paper and will be discussed fully later. 


BrppED FAuLts 


Bedded faults are numerous. They are low-dipping planes_ of 
movement which coincide with the bedding or cut across it at very 
slight angles. Some are transverse structures related to the large steep 
faults, as mentioned, but most are the result of the slipping of the beds 
during the folding of the major anticline. There are joints roughly 
parallel to the strike of the beds which dip 60° to 75° SW. Applying the 
theory of the strain rhomb, the upper beds are found to have moved 
relatively up the dip and the lower beds down, as would be expected. 
The bedded faults are then thrust faults with the movement up the dip 
of the limb of the main fold; they are approximately dip-slip faults with 
respect to the main fold, and strike-slip faults with respect to the minor 

| flexures on its flank, whose axes approximately parallel the dip of the 
flank. If those are the movements that actually have taken place, any 


E fractures along the ‘minor flexures were not formed altogether in the usual 
__ manner of formation of fractures along the axes of folds, in which case the 
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slippage along the bedding planes is up or down the flank rather than 
along it. It is for this reason that the minor folding on the flank of the 
major fold at Kennecott is unusual; the axes of the minor folds are not 
parallel to the axis of the major fold but are approximately parallel 


_ to the dip of its flank, so that the movement of the beds is approxi- 


mately along the flanks of the minor folds, as has just been potted 
out, and not up or down them. 


MINERAL-BEARING FIssuRES 


The veins have been formed by the filling of fissures and by replace- 
ment along zones of fracture.? Both the shape and location of the 
mineral-bearing fissures and fracture zones, and of others of the same 
type which are not mineral-bearing, are closely connected with the bedded 
faults through the transverse minor folding. It has been found that the 
fracturing associated with mineralization is localized along the crests of 
anticlines and the bottoms of troughs caused by the light transverse 
folding on the major flank. It has been suggested that this fracturing 
was not formed in the usual manner of fractures along the axes of folds; 
this paper attempts to give a different explanation and to show the 
similarity of the fractures to those transverse to the steeply dipping 
northeast faults. It is the contention here that the fractures are trans- 
verse structures dependent on the faults and are controlled by changes 
in strike, and perhaps dip, of the faults. 

In shape, the fissures and veins are roughly long thin wedges, usually 
in the hanging wall of a bedded fault, with the base of the wedge 
resting upon the fault. The longest dimension of the wedge is the 
length of the base, which is many times the distance from base to 
apex; likewise, the distance from the base to apex is many times the 
width of the base. The fissures narrow rapidly out and away from 
the bedding-plane faults; the frayed upper edge of the fissure, being 
the apex or sharp edge of the wedge, pitches roughly parallel to the 
base. In some cases the wedge is inverted; that is, the fissure is 
topped by a bedded-plane fault and lies wholly within the footwall of 
the fault (Fig. 3). One of the large stopes shows this condition, the ore in 
the back terminating abruptly against an overlying bed fault. Instead 
of the fracture of the rock resulting in a definite fissure, it may occur only 
as a zone of crushing or shattering, but this crushed or shattered zone 


3A. M. Bateman and D. H. McLaughlin: Op. cit., 21, 26. A. M. Bateman: 
Angular Inclusions and Replacement Deposits. Econ. Geol. (1924) 19, 513. 
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Fig. 3.—EXAMPLE OF FISSURE IN FOOTWALL OF BEDDED FAULT. 


. 


instances the apex of the wedge starts from a bedding-plane fault and 
widens away from it, probably to stop against an overlying plane of 
movement. 


EVIDENCE IN Favor oF THE HYPOTHESIS 
Bedded Faults 


Fig. 4 is part of a geologic map of one of the levels and shows evidence 
as to the location and shape of the fissuring and fracturing controlled by 
the bedded faults. It shows also how the minor folds were, in part, 
determined. There are three prominent changes in the strike of the 
bedded fault; that is, there is a minor anticline with a broad crest and the 
changes in strike occur at each edge of the crest and at the foot of the 
western limb, which is probably part of an adjacent syncline. At each 
of these points of changing strike there has been some type of fracturing 
transverse to the bedded fault. In the two cases where drifts follow 
the transverse fractures they were found to stop against the bedded fault. 
At C, the transverse fracture has taken the form of a strongly broken and 
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Fig. 4.—PART OF GEOLOGIC LEVEL MAP SHOWING PROBABLE BEDDED THRUST FAULT 
. WITH TRANSVERSE FRACTURES. 


slighter and the transverse structure is a calcite vein of uniform size, so 
far as followed. At A, the cross faulting was partly explored in only one 
direction; it is a broad zone of fracturing along which there has been 
some movement. Admittedly, it may or may 
not stop at the bedded fault. The limbs of 
the minor folds show different dips. Fig. 5 
is a diagrammatic representation of these con- 
ditions. The transverse fractures are lettered 
as in Fig. 4. 

These are typeexamples. Where the flexure 
covers a greater area and is more gradual, the 
transverse fracturing is more likely to be dis- 
tributed in zones than to be concentrated in a 
single fracture. Fig. 3 illustrates a transverse Fig. 5.—I.LustraTine 
fissure in the footwall rather than the hanging CONVPRGENCS OF AXES. | A 


wall of a bedded fault. IN Fra. 4. 
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The Steep Northeast Faults 


It has been mentioned that the major faults of the Kennecott district 
are accompanied by much transverse disturbance. All such disturbances 
seem to lie within a single wall of the fault and, with the exception of the 
few transverse bedding plane slips, are in most respects similar to the 
fractures transverse to the bedded faults. Not only do they form similar 
types of fracture, but they also occur, it seems, at points of changing strike 
or dip, or both, along the faults. Such a similarity is significant; it 
more than hints that the kind of actions that produced the fracturing 
transverse to the many bedded faults also caused the fracturing trans- 
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more Hequent in te er risa with the 
faults. It is only in shape that the transverse fractures along bedded 


faults differ from those transverse to the steep faults; they are ee 


often wedge-shaped along the bedded faults. 

Fig. 6 shows the structures exposed on one level in the hanging wall 
of a strong fault. Although only one of the transverse fractures has 
been explored to the fault, from the comparative strength of the fractures 
and the fault, which is a very strong one, it seems reasonable to assume 
that the fractures do stop at the fault. The position and strike of the 
fault as found at A and D, and the location of the face of the crosscut 
at B, indicate a decided synclinal warp in the fault plane. Curiously 
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Fig. 6.—PARrT OF GEOLOGIC LEVEL MAP SHOWING STEEP NORMAL FAULT WITH TRANS- 
VERSE FRACTURES. 


enough, the extension of the fault from A and the extension of many of 
the fractures, intersect at almost a common point. If then, the strike 
of the fault is slightly changed at this point and at each succeeding 
intersection of fracture and fault, in a direction suggested by the type 
of fracture, the strike and position of the fault on reaching D coincides 
closely with the actual condition of the fault as found there. Unfortu- 
nately, this warp in the fault plane has not been explored on any 
other level. 

However, the transverse fracture indicated at H, and the accompany- 
ing fault flexure, have been explored on other levels besides the level 
shown. Here there is no assumption or inference but an actual 
condition which may be studied. The transverse disturbance starts 
at a point of synclinal flexure in the fault plane as a zone of strong 
crushing and opens to a wide zone of many slickensided slips. It does 
not cross the fault. Fig. 2 shows the relation of this same transverse 
disturbance and the main faults of Fig. 6 as exposed on three levels 
a vertical extent of 600 feet. , 

At C is apparently an instance of a bedded fault as a transverse 
coordinate structure of a major steep fault. Ane: 
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FRACTURING IN THE Movine Buock ONLY 


In both the faults cited, the transverse fracturing has been wholly 
in one wall of the fault. Such is the general condition of all faults - 
throughout the property. Although Fig. 6 shows no exploration in 
the footwall of the main fault, the footwall has been explored on other 
levels. Since the major stresses are likely to be set up in the moving 
block of a fault, it is in this block that the transverse fractures will be 
expected. Movement probably takes place, in some cases, in both 
blocks, and a transverse fault in each block may meet at the main fault 
and appear as a single slip crossing the fault, but that would be a rare 
coincidence. Though movement may take place in both blocks, most 
of the movement may be expected in one block of the fault, and where 
much transverse disturbance is found in one wall of a strong fault, and - 
practically none in the other wall, it is reasonable to assume, in the 
absence of data to the contrary, that that is the wall of the moving block. 
If this is true, the movement of the fault shown in Figs. 2 and 6 has 
been almost wholly in the hanging wall; in Fig. 3, almost wholly in 
the footwall. 


GENERAL Discussion 


Assuming that the explanations given are correct; that the bedded 
faults are thrust faults, and that the moving block is indicated by the 
transverse fracturing, the major fracturing shown in the sketches may 
be tabulated thus: 

Fig. 3. Thrust fault, footwall movement, anticlinal flexure. Trans- 
verse fissure is slightly stronger at fault (Fig. 7). 

Fig. 4, at C. Thrust fault, hanging-wall movement, anticlinal 
flexure. Wedge-shaped broken and crushed zone tightening away from 
fault (Fig. 8). 

Fig. 6, at H, and Fig. 2. Normal fault, hanging-wall movement, 
synclinal flexure. Crushed zone showing evidence of movement (Fig. 9). 

To illustrate these conditions of faulting and fracturing, sketches 
were made (Figs. 7, 8, 9). -Each condition of faulting seems to have its 
own type of cross fracturing; either a compressive or tensile action, 
resulting respectively in crushing or fissuring. The transverse frac- 
ture zone, especially when not associated with bedded faults, may 
be either tabular or wedge shaped, and with or without movement. 
In the cases where the transverse fracture zone is wedge shaped, the 
location of the base of the wedge is indicative of the kind of movement. 
With crushing, local faulting may take place along the transverse zone 
in the squeezing out of small wedges, or there might be displacement 
along the two walls. With two exceptions, the fractures transverse to 
either steep or bedded faults are the same. One exception is the com- 
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Fic. 7.—Footwall Fig. 8.—Hanging wall Fig. 9.—Hanging wall 
movement. movement. movement. ; 


Fics. 7-9.—CoNnDITIONS OF FAULTING AND FRACTURING. A-B = MAIN FAULT; C-D = 
TRANSVERSE FRACTURE. 


FoRMATION OF TRANSVERSE FRACTURE SYSTEMS 


In opposition to the hypothesis, the argument may be made here that 
where ridges and grooves exist along a fault surface resulting ina change in 
strike along the plane, the movement of the faulted blocks may be 
expected to take place in the direction of the axes of the grooves and 
ridges, in which case there might not be the transverse fracturing as 
suggested by the hypothesis. That can be true only if the axes are 
parallel. With only the slightest divergence of the axes from the parallel 
(Fig. 5) transverse fracturing must be formed in brittle rock such as the 
dolomite of Kennecott, each groove or ridge offering an opposing factor to 
unimpeded movement along the adjacent groove or ridge, with con- 
sequent fracturing in the moving block to relieve the stress. The stress 
will be greatest at the crests and troughs, and there relief will take place. 
The movement along any flexure will have to be parallel with the move- 
ment of the fault, of course, but will tend to be up or down the dip of each 
limb. In overcoming this tendency and the opposition of adjacent flexures, 
either a tension or a compression along the axis will result, with fissuring 
when due to tension and crushing when due to compression. Whether 
the force is tension or pressure will depend on whether the flexure is a 
groove or a ridge, whether the movement is normal or reverse, and 
whether the movement is in the footwall or the hanging wall. The 
widest part of the transverse fracture zone that will be formed—z.e.. 
the base of the wedge—will be at the region of greatest stress. 

A study of the figures and an example will make the foregoing clear. 
Take the case of Fig. 8, an anticlinal flexure along a thrust fault. with 
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takes place, wedge-shaped fissures or zones of fissuring would be formed 
along the axial zone of the fold, in some such plane as CD of Fig. 8. The 
widest part of each single fissure would be in the beds farthest from the 


theoretical center of curvature of the fold, where the stress is greatest, 


with the fissure narrowing toward the center of curvature, to finally 
approach a width of zero at the line in the plane where the tension 
was no longer great enough to rupture the rock. The fissure, then, 
would separate the fold into two blocks, which would be in contact with 
each other along the line where the width of the fissure is zero. With 
movement along the fault AB, the movement of the blocks to the right 
and left of CD will tend to be up the right and left flanks of the flexure 
respectively, each block opposing the other. Crushing should take 
place, beginning along the line of contact of the two blocks, where the 
width of the original fissure is zero; as the movement continued, the 
result should be a gradual closing of the fissure accompanied by crushing 
of the walls of the fissure as they come into contact with each other. The 
final structure would be a wedge-shaped crushed zone in place of the 
original wedge-shaped fissure, with the difference that the location of the 


‘apex and base of the wedge is reversed. If the fault AB were not a 


bedded fault, in which case no initial fissure due to bending would be 
formed, or if the flexure of the bedding was not great enough to cause 
initial fissuring, the pressure would be evenly distributed over a plane 
and the resulting crushed zone probably would not be wedge-shaped. 
If the actions described above are true, they offer the reasons why 
transverse fracture zones associated with the movement of the steep 
northeast faults of Kennecott are not usually wedge-shaped, while 
fractures transverse to bedded faults usually are so. 

Using this line of reasoning, the kind of transverse fracture that would 
be inferred from any individual fault flexure at Kennecott seems to check 


reasonably what is actually found. 


RELATION BETWEEN FLEXURE AND STRIKE AND Dip or TRANSVERSE 


FRACTURE 


As to the strike and dip of the plane CD, certain relations became evi- 
dent at the beginning of the study. These relations are embodied in what 
I have called The Rule of Strike Relations of Fault Flexures, which may 
be stated as follows: When viewed down the dip of a fault, the bearing 
of the axis or line of intersection of the limbs of a fault flexure makes the 
smaller angle with the strike of the flatter limb when the flexure is anti- 
clinal, and with the strike of the steeper limb when the flexure is syn- 


pee i ete i Pg y 

- clinal; and any transverse fra ving Lote 

base or apex will always dip he bes : that axis (Fig. 
The line of intersection of the s of a fault flexure is the axis 

flexure, and the transverse fracture formed will have that 


of either limb—just as the leaves of a new book may fan out when the 


firs 
Fig. 10.—PLAN VIEWS ILLUSTRATING THE RULE OF STRIKE RELATIONS OF FAULT 
FLEXURES. 


conditions there can be only one dip, and with any dip only one strike. 
If the limbs of the flexure have equal dip, the bearing of the axis will 
be equidistant from the bearings of the limbs; but if the steepness of the 


limbs is unequal, the axis swings to one side or the other of the median- 


line, as stated in the rule and as illustrated in Fig. 10. 
In any faulting with which there is associated transverse fracturing 
there are at all times five variables: 
. The strike of the transverse fracture, 
. The dip of the transverse fracture, 
. The relative dip of the limbs of the flexure, 
. The relative strike of the limbs of the flexure, 
. The strike of the axis of the flexure. 
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or apex. The transverse fracture may take any strike or dip, from per- “I 
pendicular with an intermediate strike to a dip and strike equaling that 
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book is partly opened and tipped—but with any strike under the above 
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an anticlinal flexure of a bedded fault; a definite strike and dip are 


2 exposed. Three variables, then, are ee 2, and 4. The strike 


and dip of the transverse fescture gives a Gafrithe strike to the axis of 
the flexure, which axis makes the smaller angle with the strike of the 
eastern limb of the flexure. From the suggested rule, the eastern limb 


_ should be the flatter, and the dip that is actually exposed checks that 


_. conclusion. Assuming, however, for the sake of illustration, that explora- 


tion work had not advanced far enough to expose the strike or dip of 
the limbs, the conclusion would be that there exists either an anticline 
with a flatter eastern limb or a syncline with a steeper eastern limb. 


At least we would know that the fault could not continue with the same 


strike or dip, else there would be no transverse fracture. An examina- 
tion of the transverse fracture itself should tell what is the actual condi- 
tion. The transverse fracture is present in the hanging wall of a bedded 
thrust fault as a crushed zone with the base of the wedge at the fault. 
Such a condition is associated only with an anticlinal flexure and in 
any further exploration the fault should be looked for in the location 
suggested by an anticlinial flexure with the eastern limb flatter than 
the other. 


APPLICATION OF THE Masor HyporuHesis 


Following are a few examples of the application of the theory of 
this paper. 


1. The reference plane for the approximation of the correct horizon’ 


for preliminary exploration—the limestone-dolomite contact—is the 
greenstone-limestone contact. The thickness of the limestone between 
the greenstone and the dolomite is determined, usually by diamond- 
drilling, in each locality and that thickness assumed as constant through- 
out the locality. Wherever the greenstone-limestone contact is found 
on any level displaced by faulting, exploration crosscuts are driven to 
conform to the displacement. Fracturing transverse to bedded faults 
would not disturb the contact, but that transverse to the steep northeast 
faults might do so (See Fig. 2). 

2. Since the limestone-dolomite contact roughly follows the bedding, 
a change in the strike of a bedded fault would suggest a possible corres- 
ponding swing in the limestone-dolomite contact; therefore a study and 
correct analysis of the fractures exposed in an exploratory crosscut 
would insure that the crosscut would remain more nearly in the correct 
horizon. Unless the flexure were very strong, however, this application 
might be modified by operating requirements. 

3. Another application has been given in the analysis of the conditions 


at C of Fig. 4. 


en a an) three, the o' nay te predicted ae us eke as an ies : 
oa Ai conditions shown in - ig. 4 at C. A transverse fracture is shown at 
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in the drift could have indicated fairly closely the position of the 


‘indicated by the position in which they intersected fault A that it had 
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Had it been known how far the crosscut would have to be driven, — 
probably it would not have been run until the drift had passed the curve | 
in the fault. 

5. In one of the mines there are two qiasieneil- heating faults roughly — 
parallel with each other, which, on the level to be described, are approxi- — 
mately 350 ft. apart. They were explored by a drift along fault A and 
crosscuts from the drift to fault B at intervals of about 225 ft. Ore 
was struck along fault A at a point of strong flexure but abruptly turned 
off into the transverse fracture that is associated with the flexure. How- 
ever, the transverse fracture dissipated into a wide zone before reaching 
the other fault and the ore did not continue across. Its total exposure 
was about 50 ft. along fault A and slightly greater along the transverse 
zone. Had the exploration been by a drift along fault B, instead of 
along fault A, an alternative that was considered, and crosscuts driven 
to A, the ore would have been found only by accident; it would not 
have been cut by the crosscuts, since its exposure along the fault is but 
a fraction of the crosscut interval; nor would it have been cut by the 
drift along fault B, since it extends only a part of the distance between 
the two faults. And since orebodies of that type are very unusual at 
Kennecott, its existence would never have been suspected. However, 
the crosscuts, though they might not have cut the ore, would have 


made a decided turn. An application of the theory would immediately 
suggest a zone of fracturing at the flexure; which, coupled with the fact 
that it was transverse to a mineral-bearing fault, would have led to 
investigation and disclosure of the ore. 

6. A solution has been advanced for one of the fault systems at 
Kennecott which has as a necessary component the assumption that 
only the hanging wall of a certain fault had moved. The theory of 
transverse fracturing applied to that fault seems to uphold the assump- 
tion, but regardless of whether or not the solution of the system is correct, 
it illustrates the application of the theory to problems of that kind. 
If the theory and its application in this special case are correct, the 
assumption that movement was mostly in the hanging wall of the fault 
is no longer an assumption but becomes a fact, and the solution of the _ 
fault system is advanced by that much. . 
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SUMMARY 


It has been found that transverse disturbances exist at certain Hatnite ; 
points along all types of faults at Kennecott—namely, at. flexures in 


atat t ent aire micas contd ispnine Gu iiet a main fault are 


_ dependent on the presence of flexures along the fault surface; that they - : 


4 occur in the moving block and indicate that block by thet presence: 
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test the theory by applying it in districts with which they are familiar. 


that the transverse fracture is often indicative of the kind of flexure and 


_ movement that caused it; and that a certain definite relationship of strike 
and dip exists between the transverse fracture and the fault flexure. 


Examples of the application of the hypothesis to Kennecott geology 
have been given. The suggestion is made that the hypothesis may 


have a wider application, and it is hoped that others may attempt to 
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Extension of Oreshoots with onumiente on the 
Art of Ore Finding 
By Harrison Scumitt,* Hanover, N. M. 
(New York Meeting, February, 1929) 


In the practice of ore finding the geologist is continually confronted 
with the question of oreshoot extension, so that the general problem 
seems worthy of systematic investigation. This problem appears when 
the reserves are estimated and when the advisability of deepening the 
shaft comes up. Moreover, there is need for lower development cost to 
keep pace with cost reductions in other departments, or even to offset a 
rising cost of ore finding or ore following. This can be gained by close 
geologic control of the development; and much of the geology involved 
is that bearing on the downward, upward, and horizontal extensions 
of shoots. 

Furthermore, the purchase of a mine or prospect often depends 
directly on the question of shoot extension; because it is seldom that the 
ore is fully developed and the purchase price is almost invariably based 
largely on “possible” and geologically prospective ore. Most current 
methods for estimating ‘possible’ and the more nebulous classes of 
ore are crude and indecisive. 

In the following pages the extension of oreshoots is the major theme, 


although the more basic subject, the general art of ore finding, is given 


some space. 
(A) Direct Metuops or Extension PREDICTION 


(I) Extrapolation and Interpolation of Shoots by Use of Conventional 
Geologic and Assay Plans, Projections and Cross-sections 


There is little need for stressing the desirability of detailed geologic 
plans, assay plans, projections, and cross-sections as a basis for the study 
and extension prediction of shoots. Underground and surface mapping, 
in most cases, ought to be done in exhaustive detail. All features of 
obvious bearing should be mapped and it is good practice to record all 
possible details, some of which may become significant when studied in 
the ensemble. It should be emphasized that the mapping should be done 
with an impartial mind, with interpretation reduced to the minimum. 
The symbols of the map can be made to distinguish observed facts 
from interpretation. 


*Chief Geologist, in Charge of Exploration, Southwestern Division, New Jersey 
Zine Co. 
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less interpretation than is commonly used, is necessary; in fact, in many 
cases incorrect conclusions are caused by premature judgement that 


clouds the fact-gathering. A good deal of cold-bloodedness is essential 


in mapping, for it is surprising how easy it is in geology to find facts to 


fit almost any opinion. 


Fig. 1.—IpEALIZED CROSS-SECTION THROUGH ALFARENA VEIN AND ORESHOOT AT 
Santa Barpara, CHIHUAHUA; SHOWING MANNER BY WHICH FAULTING CAUSED EFFEC- 
TIVE DIP TO DIFFER FROM OBSERVED DIP. 


For greatest utility in guiding development by the prediction of 
extension the geologic detail should be caught up at the headings at 
short intervals; once a week may not be too frequent during an intensive 
development campaign. 

To get the greatest benefit from the detail much thought and care 
must be spent in devising a system of maps for recording it. No maps 
will give an entirely satisfactory three-dimension mental picture, and 
one can only strive to make them approach this ideal. It is seldom 
possible, therefore, to have too many cross-sections, projections, and 
structural contour maps. In many cases it is inadvisable to place the 
cross-sections at arbitrary intervals. It is good practice to locate them 
where they will ‘‘cut the most information,” thus giving the best basis 
for oreshoot extrapolation. 


ce 


Faibpiag: Somiwete or veins, a te hor r 
the mine level should be selected and fdierad to. ma 
through the bottom, top, or middle of the drift. Because it is the | wae 
accessible, I prefer to map on the last. 
In projecting dips on cross-sections the recorded dip may not be the ; 
effective dip of the oreshoot or vein because of distributive faulting or 
slicing. This was the case at the Alfarefia mine at Santa Barbara, _ 
- Chihuahua (Fig. 1). At Bisbee, Arizona, for the same reason observa- 
tional dips do not always correspond with the composite dip of the 
horizon measured. 
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Fia, 2.—EQUAL-ORE-WIDTH LINES ON LONGITUDINAL-VERTICAL-PROJECTION OF AN 
ORESHOOT ON VxETA CoLorapo (Rep VEIN) NEAR ParRRAL, CainuanuA. THE 
INTERVAL IS 2.5 METERS. 


(II) Extrapolation by the Analysis and Projection of More Detailed 
Information 


(a) Equal-ore-width Lines.—Equal-ore-width lines are lines connecting 
“points” of equal vein width (ore width) on the projection of a shoot. 
This gives an approach to a three-dimension picture of the shoot. The 
“iso”’ lines may be shown on a horizontal, inclined, or vertical projection, 
depending on the amount of inclination of the vein. 

On the Veta Colorado (Red Vein) near Parral, Chihuahua, equal-ore- 
width lines, projected to a longitudinal vertical plane, were found useful. 
The known parts of the shoots appeared as a three-dimension picture 
and their extension downward and horizontally could be predicted with 
some confidence, because the border or ‘‘zero”’ lines are ‘‘reenforced”’ by 
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pris shown i in dotted line and the extension actually developed is shown i in ue 
solid line. : 
§ (b) Equal-ore-value Areas.—The erratic distribution of the metal iz 
content of most shoots makes difficult the direct drawing of equal-metal- a 
value lines. Equal-metal-value areas, however, can be outlined and i. 
these give, indirectly, equal-ore-value lines. ; 
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THIS UNMINED AREA ASSUMED TO BE ORE OF 
SMELTER VALUE GREATER THAN $1! FER TON 
BASED ON NOVEMBER 1926 METAL PRICES 
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Fic. 3.—EQUAL-ORE-VALUE AREAS AND CONSEQUENT EQUAL-ORE-VALUE LINES 
ON AN ORESHOOT IN CorDERO (SAN JUAN) DISTRICT, SOUTHERN CuinvAHuA. THE 
INTERVAL Is $3 U. S. CURRENCY PER METRIC TON. 


At Cordero (San Juan), a mining camp about 30 miles north of 
Parral, Chihuahua, it was found possible to study the developed, and 
even mined, parts of the shoots by blocking out areas of equal smelter 
value, this value being an approximate measure of the intensity of the 
mineralization. The analysis of the known parts of the shoots gave a 
basis for their extrapolation in depth, the interior equal-value-lines 
“‘reenforcing”’ the border or ‘‘zero” lines. (Fig. 3.) 

This method has as its basis thorough sampling. The areas of equal 
smelter value are then outlined by reducing the assays of each sample to 
their smelter value per ton. Lead and silver were the most important 
metals and bore a remarkably constant ratio, one to the other, so together 
they made a good basis for this value classification. The proportions 
of gold, zinc and copper were erratic, but these metals, being of minor 


importance, could be disregarded. 
Trans. (1929)—21. 


=. 


The Cordero shoots . re 
projection of one of them (Fig. : so an in 
quantity and quality of the ore, n the recolored exten 
could be made. 

(c) Curves Showing Variation of Metal Content.—At the Hidalgo oa 
Santa Barbara, Chihuahua,! exhaustive stope sampling, well recorded, 
made it possible to construct curves showing the variation of the metal = 
content from near the outcrop to the lowest developed horizon. An aus 3 
analysis of these curves, making allowance for enrichment in the oxidized _ 
zone because of leaching of valueless material, indicated a definite trend a 
of values in depth, an increase in this case. The extension of the shootin — 
a depth could be predicted with some assurance. ; 
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j (B) Inprrect Metuops or EXTENSION PREDICTION 
(1) Study of the Relation of Structural Features to the Orebody 


The study of the relation of the structure of the country rock to the 
oreshoot is one of the first tasks to be undertaken before attempting to 
predict extension. There is a growing appreciation, not yet fully 
expressed, of the importance of the association of oreshoots with struc- 
tural and purely mechanical features of the country rock. In recent 
years some schools of geology have taught that mineralization tends to 
avoid strong faults, the theory being that gouge tended to seal them off, 
preventing circulation and thus deposition. There are a large number of 
deposits for which this does not hold. For example, in the Parral district, 
Southern Chihuahua, the strongest veins are in the strongest faults. 
There in places the mineralization seems to have replaced the fault gouge | 
with silica and ore. Today the important water courses are along the : 
vein-ore-faults, and one can readily imagine that such was also the case 
during mineralization. : 

The Veta Colorado in the same district is a fine example of the manner 
in which orebodies favor structural features. This rich lode is a vein- 
fault, having a dip slip of 1450 ft. at its richest portion. The best ore 
is directly associated with the shear plane of the fault zone that has the 
greatest offset. In further detail, the shoots appear to have originated 
by the replacement of breccia that filled depressions in the foot-wall of 
the major shear plane. 

Examples of ore in or near strong faults, or structural disturbances of 
equal importance, are common. Ore recently found at Tintic is associ- 
ated with conspicuous structural abnormality. At Hanover, New 

. Mexico, the zinc ore is associated with broken ‘‘open ground,” that is, 
almost invariably in or near the major faults. There it is felt that if 


1H. Schmitt: Geologic Notes on the Santa Barbara Area in the Parral District 
of Chihuahua, Mexico, Eng. & Min. Jnl. (1928) 126, 410. 
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basis. “- 
The prediction of the location of “open ground” usually requires 

_ exhaustive preliminary measurements of structure. Very few geologists, 

_ and fewer miners, appreciate the possibilities for ore finding where — 

_ contacts and other details of structure are measured to the foot, and 
mapped on an appropriate scale. I feel that the time has come when 

exceptional care in ore geology mapping is in order in many mineral 

districts. Much new ore can and will be found by such detailed tech- 

nique, as has been applied at Butte and the Homestake and in a few 

other districts. 


(II) Study of the Regional Habits of Oreshoots 


The importance of the study of the regional habit of oreshoots as a 
basis for discovery or prediction of extension in a given area has been 
often emphasized. Shoots in a particular district may have character- 
istic shape; be lenslike, conical, chimneylike, mantalike, etc., or they 
may bottom at near the same elevation, or they may favor certain 
beds or intrusives. 

For examples I shall again draw on the Parral district. Along the 
Veta Colorado, and associated veins of the same age, the oreshoots 
bottom within a few tens of meters of the same elevation. Many of 
the shoots, furthermore, are V-shaped, with the point of the ‘“V”’ down- 
ward and generally pitching in a common direction. 


ees 


(IT ) Study of the Relation of the Accident of Erosion to the Position of 
Shoots of Lenslike Form 
This subject was recently discussed by Blanchard and Boswell.? 
It is especially applicable to lead-silver veins, because their shoots are 
commonly, if not usually, lenslike. If the form of part of the shoot that 
has been disclosed by mining be measured, the assumption of lenslike 
form may aid extension prediction. 


(IV) Statistical Studies 
Statistical studies of all known, or rather described, oreshoots might 
make our ideas of extension more quantitative. Thus, shoots of a 
certain type, such as those of the Tertiary silver veins, bottom at shallow 
depth. Or do they? What is the average depth, the relation of it to 
outcrop length, richness, tonnage, or to width of the vein? Hoover? has 
made pertinent suggestions along this line. 


2P, F. Boswell and R. Blanchard: Oxidation Products from Sphalerite and 


Galena. Econ. Geol. (1927) 22, 421. 
3H. Hoover: The Principles of Mining, 21-33. McGraw-Hill Book Co., New 


York, 1909. 
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: : ee a or size, or thee for ‘example, what is its chance f 

given depth extension? Is it 1 in 10, or 1 in 4? ‘Se 

By going through all available literature on veins in Utah, dite on 

the ratio of outcrop length to extension in depth for eight important > 

shoots or lodes were found. The ratios of outcrop length to depth 5 Bet 

extension were 6:1, 4:1, 3:1, 5:7, 1:2, 1:2, 1:3, 1:4. The average of 
these is 15:8, ahioh is near the 2:1 ratio pa geested by Hoover as the © 

average for a large number of deposits. 


mee CV) Study ef Vertical and. Horizontal Hypogene, and Vertical Supergene 
Ny Zoning in Shoots ) 


a The extension and zoning of oreshoots of supergene origin has been 
rather thoroughly studied in the last 20 years. Hypogene zoning has © 
been somewhat neglected. The suggestion has been made that when 
shoots change their primary mineral character in depth they are liable 
to play out shortly. This lead and others should be further investigated. 


(VI) Study of the Relation of Oreshoot Extension to the Stage of Erosion of 
the Source Cupola 


Pioneer work on this subject has been done by B. 8. Butler and W. H. 
Emmons. The theory is that ores are mainly associated with the top 
of the source cupola and that their chance for extension in depth is | 
dependent on the depth of erosion below the apex of the intrusion. This 2 
phase of the subject could well be further studied. . 

' The above are some of the more obvious divisions of the subject of | 
extension. Many others, no doubt, will occur to the reader. For 
example, many veins split or feather when they are about to play out. 

In certain districts this is recognized as the end of the ore. 

On the Mesabi Range, markers, such as the ‘“algal”’ horizon, persist 
through the ore. Where the marker can be followed, it is possible, by 
measuring the slump, to get a fairly accurate idea of the depth of the ore. 

It has been noticed that postmineral faults frequently avoid, and 
curve around, oreshoots and accompanying walls that have been strongly 
silicified. It may be useless to drift farther when such a fault is encoun- 
tered. The fault means the end of the ore, not the offset of it. 
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Silver-bearing Minerals of Some Ores from the Tintic 
Mining District 


By A. W. Haun,* Saur Lake Crry, Utan 


‘(New York Meeting, February, 1929) 


THE importance, to geologists and metallurgists, of knowing the 
mineralogical forms in which the silver occurs in ores has increased during 
the past few years, and will continue to increase as long as working 
hypotheses are converted into proved theories and rule of thumb methods 
are supplanted by scientific data. 

The methods used for the determination of these silver minerals 
have been: (1) careful study of polished ore sections with the microscope, 
and more recently, (2) metallurgical separation of the ground ore by 
flotation, tabling and panning, supplemented by microscopic examination 
of these separated minerals, and chemical analyses. 

During the course of some experimental work carried on by the 
testing department of the International Smelting Co. and myself, it 
became important to determine, in a general way, the distribution of 


the silver values in the minerals, as they exist in Tintic Standard and 


North Lilly siliceous oxidized lead-silver ores. These mines are in the 
East Tintic Mining District, State of Utah. 

In this work the second method was used. Differential flotation 
tests were run, separating the sulfide from the oxidized minerals, and 
the products were assayed. Various concentrates were carefully panned 
and the separated products assayed; special samples of ore were selected 
and assayed. The microscope was used only for the purpose of determin- 
ing whether the individual minerals were in the so-called “‘free’”’ state. 


ANALYsISs OF TINTIC ORES 


These chemical and mineralogical determinations showed the silver 
to be present as native silver, argento jarosite, argentite, and combined 
or inherent in the tetrahedrite, chalcopyrite, galena, pyrite, cerussite, 
anglesite, mimetite, malachite, iron oxide and occluded in the quartz. 
Careful microscopic work would probably show other forms in small 
amounts, such as the halide silver minerals and some of the antimony 
sulfide combinations. 

The tabulation of the analyses of the various products (Table 1) 
shows no evidences of fixed ratios of silver to any particular base metal. 


* Consulting Metallurgist. 
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copper and silver, which was further concentrated by flotation. The 


tetrahedrite predominated in this sample. The bulk of the lead is 


present as cerussite and anglesite, as shown by samples 11, 12 and 
13, which were the oxide concentrates from a flotation operation and 
contained practically no sulfide minerals, these having been previously 
removed. The ratios of lead to silver in the galena, and oxidized lead 
samples where the copper is under 0.50 per cent. varies from 2.6 to 


~ 2.0 to 1. 


In these samples, where argento jarosite is present, and where the 
relative percentage of iron oxide is high, the silver assay increases to a 


remarkable extent. This is shown in an extreme case, samples 16 and- 


17. Just what this particular red iron mineral is, carrying this silver, 
was not determined. Selected samples, as No. 19, a red variety, showed 
rather high silver. The siderite, sample 24, is low in silver, as is a black 
variety, high in lead, sample 20. Sample 5 shows jarosite silver in the 
sulfide concentrate. It is probable that silver jarosite is quite widely 
distributed, and it may be that this form of silver is occluded in the red 
iron mineral, high in silver, shown in samples 15, 16, 17 and 19. 

The pyrite in these samples carries little silver, as evidenced by 


sample 9, and the varying percentages of iron in the sulfide products 


show no effect on the silver assay. Sample 9 was a selected sample of 
pyrite ore from the Tintic Standard mine, concentrated by flotation. 
The amount of lead in this concentrate could account for the small 
amount of silver present. 

A sample of tailings, assaying 3.9 oz. silver and 1.1 per cent. lead, 
was leached with cyanide solution. The leached tailings assayed 2.34 
oz. silver and 1.0 per cent. lead. The residual silver may have been in 
the form of jarosite or occluded in the quartz gangue. It has been my 
experience that nonsulfide forms of silver, insoluble in cyanide solution, 
are not amenable to concentration by flotation. Jarosite is an excep- 
tion. The silver insoluble in cyanide is, therefore, a rough indication 
of its composition. 

DISTRIBUTION OF THE SILVER 


It is quite evident that no over-all silver-lead ratio exists in these 


ores. From the various samples, the indicated ratios are: 


SILVER LEAD CoprErR 
Ounces Perr Cent. Par Cent. 


ACeSiLOT Rete mee meee PE tN eds, « iicaje oi ertle je stene ¢ eaay8 1.0 26 
G@xidwed dead mineralss: tose wo Se tee wees 1.0 22, 
Sulfidercopper minerals... 11.56. e yee oes ee 14.0 1.0 


‘ oulk t ver ciated with the sulfide minerals appears to 
: Pee iininate't in hel copper sulfides, more particularly the tetrahedrite, 
as shown by comparison of samples 3, 4, 5, and 22. These samples were 
: _ carefully panned from the sulfide fictetion concentrate, except No. 22, 
- which was a specimen sample from the Tintic Standard mine, high in — 
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Brant be overestimated. The een, of skilled mic scopi 
those engaged in the metallurgical task of recovering metals from or 
flotation, more particularly silver, is essential, if metal recoveries are — 
to improve. The microscope work should be supplemented. by refined — 
chemical determinations of the various products. a 


A rough calculation, based on analyses, the above ratios and a 


superficial knowledge of the constituents of these ores, and products — “f 
from flotation tests, shows a percentage distribution of silver in an ore os 
containing 23.5 oz. silver, 21.0 per cent. lead, 0.5 per cent. copper, 


7.4 per cent. iron, 51.0 per cent. insoluble, to be as follows: 


 SILvER 
Ounces Perr Cent. 
NS OT Oe sconce oi seieatte a: akpasar he ares ohctepee 1s itana steer ane 23 .5 100.0 
Un*galenasnA%, ht ok tees tad cee tee een ae eae eee 7.2 
Invcopperisulfidesss.2-.e +4... ne. Ae Se se Site oe 2 ele Pe 5.6 23.8 
Asjargentite andpyrites:..irs s0 caisia a ai ee ee ae Oe ae 3.5 15.0 
AS JarOsite.:. sic csuk cee ek ee eee eee 0.5 2.1 
In.oxidized lead. minerals: cnet ee eee 8.0 34.0 
Try arom OXIGG:,. «..r2g. s0c.5 5, eae REO OR aoes cas< e e 3.0 12.8 
In quartZ 279 ee Oe ee ee ener ae ets 1.2 5.1 


In this tabulation, I have taken into consideration the results showing 
a great increase in silver assay when the copper in the sulfide flotation 
concentrates showed more than 3.0 per cent. This probably indi- 
cates different silver values in the chalcopyrite and tetrahedrite in 
these products. 


CONCLUSIONS 


Data developed by this preliminary investigation lead to the following 
general conclusions: 

1. About one-half of the silver is present as a sulfide or associated 
with sulfide minerals in a relatively small percentage, by weight, of the 
whole ore. This is true, even in those ores highly siliceous, low in lead 
and high in silver, showing that argento jarosite is not the predominating 
mineral, although it is of considerable importance. 

2. Tetrahedrite carries relatively large amounts of silver, considering 
the small percentage of this mineral present in these ores. 

_ 8. The lead minerals, both sulfides and oxidized forms, show a low 
ratio of silver to lead. 
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Amonce the genetically interesting iron ores of the United States s are . 
those of the St. Francis Mountains near Tronton and Iron Mountain, : 
Missouri. They are specular hematite in porphyry. The Iron Moun- — 
tain and Shepherd Mountain deposits are generally spoken of as veins 3 
and those of Pilot Knob, Cedar Hill, and Russell Mountain as bedded 
Se deposits. Iron Mountain has produced nearly 4,000,000 tons of ore | 
ee: and Pilot Knob about 1,500,000 tons. The output of the other three 


Be localities has been insignificant. Pilot Knob is no longer worked as _ 
oe an iron mine, but the rock is now being crushed for use as road metal. 
i Iron Mountain has continued as an active producer. In 1927, the prop- 4 


erty was acquired by the M. A. Hanna Co. and an extensive prospecting _ 
and exploration campaign was undertaken, so that the ultimate produc- 
nk tion of Iron Mountain will doubtless greatly exceed the figures mentioned. 


Previous THEORIES OF ORIGIN 


Descriptions of the deposits and theories of their origin have been 
concerned mainly with Iron Mountain and Pilot Knob, which represent 
the two contrasting types of occurrence. The Iron Mountain deposits 
have been considered of close magmatic origin by Whitney! in 1854, 
Geijer? in 1915, and Spurr? in 1927. Whitney referred to them as of 
eruptive origin. Geijer considered them fissure fillings at magmatic 
temperatures. Spurr called them vein dikes formed from ore magma 
which was essentially fluid iron oxide. Schmidt‘ in 1872 ascribed them 
to fissure filling by thermal chalybeate waters of meteoric origin. Nason® 
in 1892 advanced essentially the same explanation. One of the best 


* Professor of Economie Geology, The Johns Hopkins University. 

t Petrologist, Sinclair Exploration Co. . 

J. D. Whitney: The Metallic Wealth of the United States, 433, 479. 

® P. Geijer: Some Problems in Iron Ore Geology in Sweden and in America. Econ. 
Geol. (1915) 10, 324. } 

3 J. E. Routes Iron Ores of Iron Mountain and Pilot Knob. Eng. & Min. tls : 
(1927) 123, 363. . 

‘A. Schmidt: Iron Ores of Missouri. Geol. Survey of Missouri (1878) 93. . 
5 ¥. L. Nason: Iron Ores of Missouri. Geol. Survey of Missouri (1893) 2, 16. 
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ores by some geologists. Whitney said that Pilot Knob differs consider- 


ably from Iron Mountain in character, but did not specify in what 


particulars genetically. Schmidt ascribed the Pilot Knob ores to gradual 
replacement of stratified porphyry by solutions similar to those which 
he believed deposited the Iron Mountain ores. Nason refers to the 
Pilot Knob ores as of sedimentary origin, but adds that they were later 
raised and exposed by erosion and “‘with the destructive action the 
more soluble strata were etched away and replaced by iron.” Geijer 
says Pilot Knob forms a striking analogy to Haukivaara. “At both 
places there is a succession of rocks of probably agglomeratic and tuffo- 
geneous nature, strongly altered through hydrothermal activity, silicified 
or changed to sericite schists, and impregnated with hematite.” Crane 
considers Pilot Knob a more or less complete replacement and infiltration 
of stratified tufaceous beds by iron oxide in solutions of magmatic 
origin. Spurr considers Pilot Knob a black sand beach deposit. 

In his review of previous theories of origin, Spurr says he is in accord 
with Whitney and Geijer and at variance with Crane concerning Iron 
Mountain and aligns himself with Nason concerning Pilot Knob. Geijer, 
however, says he differs from Crane only as to the relative importance 
of fissure filling and replacement in the localization of the Iron Mountain 
ores, and that ‘‘this unimportant detail excepted, Mr. Crane’s results 
are absolutely the same as I have reached concerning the nearest Swedish 
relatives of these deposits.”” Spurr and Whitney stand alone, therefore, 
in emphasizing the idea of an injected ore magma in the case of Iron 
Mountain. At Pilot Knob, Spurr emphasizes the detrital sedimentary 
character of the ore to a greater extent than Nason. Spurr makes a 
greater genetic difference between Iron Mountain and Pilot Knob than 
any of the other geologists. Crane considers both genetically similar 
and differing mainly in the nature of the loci of mineralization. Geijer 
is essentially in agreement with Crane. 

In the summer of 1927, the senior author had the privilege of spending 
a few days in southeastern Missouri and the opportunity of a brief 
visit to Iron Mountain and Pilot Knob. His field observations inclined 
him to the views of Crane and to disagree with Spurr, particularly 
regarding the sedimentary character of Pilot Knob. A microscopic study 
of the specimens he collected and of a set of slides and hand specimens 


*G. W. Crane: The Iron Ores of Missouri. Missouri Bur. Geol. and Mines [2] 
(1912) 10, 107. 


Because of the: stratified character of the Pilot Knob ores, their a 
genesis has been considered different from that of the Iron Mountain © 
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Iron Mountain 


Ttis not intended in this paper to give a geologic description of these 
Missouri iron-ore deposits, as they are described in the writings of the 
geologists already cited. Only such data will be presented as are of 
significance in arriving at a conclusion concerning their origin. All 
authors have been in agreement in emphasizing the veinlike character 
of the Iron Mountain deposits. Crane believed that they are in part 
fissure filling, but more largely a replacement of the porphyry. This 
study of the relations of the ore to wall rock and to gangue also leads 
to an emphasis upon the replacement character of these orebodies and 
to subordinate their character as cavity fillings. 

The Iron Mountain porphyry ranges from a felsite to a felsite 
porphyry with pronounced flow bedding and some pyroclastic struc- 
ture. The rock around the walls of the old open cuts has its feldspar 
phenocrysts changed largely to fine-grained aggregates of quartz and 
chlorite. Streaks and veinlets of ore traverse the rock in such an intricate 
manner and with such wavy boundaries as to be explained only as having 
made their way largely by replacement. A thin section of pyroclastic 
rock with fragments up to 10 mm. dia. has a matrix of hematite and 
some of the fragments are considerably eaten into by hematite. The 
slides afford excellent examples of all degrees of replacement. Some 
of the veinlets consist of well crystallized hematite with the interstices 
filled with chlorite, calcite, and garnet. In the mine larger masses of 
olive-green garnet rock were seen. This rock consists of garnet, hema- 
tite, quartz, calcite, and an amphibole. The hematite tends to be 
later than the garnet and to replace it along their contacts. It is also 
later than and replaces the calcite. The calcite has an unusual spheru- 
litic development. Cutting the garnet are small veinlets of calcite and 
quartz. The quartz occurs as a fine-grained mosaic. ‘The amphibole 
occurs aS swarms of minute pale green prisms in the quartz. In one 
section a peculiar apatite was seen analogous to the carbon apatite 
described by Brauns.’ This consists of a normal center with a peripheral 
zone of three to six individuals, each showing zoning and parting. — Nor- 
mal apatite also occurs. The sections of Iron Mountain ore differ from 
those from Pilot Knob, Shepherd Mountain, and Cedar Mountain ina 
higher ratio of hematite to quartz in the introduced minerals. 

As constituents of the Iron Mountain porphyry were recognized 
orthoclase, plagioclase, quartz, hematite, sphene, chlorite, epidote, and 
garnet. Directly associated with the introduced hematite are quartz, 


_ 7%, Brauns: Uber den Apatit aus der Laacher See Gebiet. Neues Jahrb. f. Min. 
(1917) 41, 72. 
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amounts of accessory minerals. Most of the feldspar was orthoclase, 


but locally acid plagioclase was abundant. Much of the micaceous a 


material is probably derived from feldspar. Accessory minerals in the 
rock are zircon, green mica, chlorite, rutile(?), apatite, sphene, fluorite, 
barite, epidote, and calcite. One slide shows veinlets of calcite, epidote, 
and chlorite in which chlorite seems to be the youngest mineral. 
Replacing the porphyry are veinlets of hematite and chlorite. In one 


‘specimen, large quartz grains are traversed by small sinuous veins of 


hematite and chlorite. The larger veins in the hand specimens consist 
mainly of hematite, chlorite, and quartz. The periods of formation of 
the three minerals overlapped considerably, but the chlorite and hematite 
were introduced more or less contemporaneously and the quartz is in 
part younger. The striking feature of the Shepherd Mountain collection 
is the greater abundance of quartz than at Iron Mountain and the 
association of hematite and chlorite. 

The mineral assemblage and the relations of the ore veinlets to the 
country rock suggest hypothermal mineralization rather than magma 
injection at Shepherd Mountain. 


Crpar HILL 


The rock associated with the Cedar Hill ore is pyroclastic and ranges 
from tuff to agglomerate in texture. The fragments consist of felsite 
and quartz porphyry and are embedded in matrix of more finely com- 
minuted material of the same character. The principal minerals of the 
rock are quartz, orthoclase and muscovite. 

Hematite has extensively replaced the matrix of the fragmental tlt 
and accompanying the hematite is more or less quartz. These mine 
have also penetrated and replaced some of the larger rock fragments. 
Numerous replacement veinlets of hematite traverse the groundmass 


where it has not been so completely replaced. Many of the veinlets - 


contain, besides hematite, quartz, mica and chlorite. Other veinlets 
cutting the hematite matrix are of quartz or orthoclase, or both. Vein- 
lets of orthoclase grade over into quartz-orthoclase veinlets. One vein 
has a center of bowed plates of hematite, and fractures and cracks in 
the orthoclase and quartz are filled with hematite. 

~The Cedar Hill suite of specimens shows the replacement of the 
matrix of a tuff and agglomerate and to a limited extent the larger 


According to the published descriptions of Shepherd Mountain, these 
deposits are more pronouncedly fissure fillings. The country rock ranges _ ae 7 
from a felsitic to porphyritic rhyolite and exhibits marked flow structures. — a 
The original rock consisted mainly of quartz and feldspar with small — 


_. 


Erihoclacon vei lets with or without hematite. The phenomena 
indicate. high-temperature perp lzation under pegmatitic conditions. 


Pinot Knos 


No more concise word picture of the Pilot Knob occurrence can be 
drawn than the description by Haworth.* He says: “Imagine a steep 
conical hill rising more than 650 ft. above the valley . . . Imagine 
further a plane inclined about 13° SSW. passing through the hill, about 
150 ft. below the summit, and you have the approximate location of the 
ore bed.” The section of the hill lying above this plane as given by 
Crane is: 


: Fret 
Ferruginous porphyry breccia (formerly called conglomerate) 100 
Wippen one) beds rte s eer ee te Siac Rits th. bons rts | pitas 10 to 20 
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The lower bed is described by Spurr as solid shaly hematite, showing 
ripple marks, mud cracks, and rain prints. He concludes that it is a 
beach deposit. The upper bed, he says, is finely stratified poorer iron 
ore containing porphyry fragments. The overlying ferruginous por- 
phyry breccia is described by him as rudely stratified poor iron ore, with 
angular, subangular, and rounded fragments of porphyry and some 
hematite in a matrix largely of iron. 

One problem involved in the interpretation of Pilot Knob is the 
determination of the character of the more or less stratified materials 
forming the orebody and the overlying leaner rocks. Are they sedi- 
mentary clastic materials or are they pyroclast:2 tuffs and agglomerates? 
Spurr assumes the former. If that is correct, the explanation of the 
origin of the ore still involves the additional problem of whether the ore 
is syngenetic or epigenetic. Crane assumes that the rocks repre- 
sent tuffs and agglomerates into which the ore has been  subse- 
quently introduced. 

If Crane is correct in his interpretation of the character of the rocks, 
the ores can not be of sedimentary origin. The decision as to the syn- 
genetic or epigenetic character of the ore rests very largely on that 
concerning the origin of the rocks. That is, the mineralization occurred 
either at the time of that at Iron Mountain, as a later magmatic phase of 
the igneous activity represented by the porphyries and their associated 
pyroclastics, or it represents the sedimentary accumulation of hematite 
derived from that deposited during the aforementioned mineralization. 


8 &. Haworth: The Age and Origin of the Crystalline Rocks of Missouri. Geol. 
Survey of Missouri Bull. 5.(1891) 17. 
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deposits, Spurr was forced to place an entirely different interpretation 
upon Pilot Knob, as it is obviously not a vein dike. Though considering > 
Pilot Knob a “‘black-sand”’ beach deposit, he adds, aid in Japan, I 

believe, have they been commercially worked as iron ores.” Yet Pilot — 
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Knob has produced 1,500,000 tons of ore! The probability is, therefore, 


that it is not a black-sand deposit. No certain evidence is advanced to © 
establish the sedimentary origin of the rocks as against stratified tuffs and — 


agglomerates. The highly unsorted nature and angular character of the 


constituents of the coarser rocks is more suggestive of pyroclastic material. — 


The relations of ore to gangue and the constituent minerals demonstrate 
epigenetic, high-temperature mineralization. 

The textures of the Pilot Knob rocks range from that of the fine- 
grained, finely banded ore to that of the coarse overlying fragmental 


rock. The fine-grained rock consists mainly of hematite with greater 


or smaller amounts of quartz and small flakes and tufts of muscovite. 


One of the specimens that shows most pronounced and regular bedding 


consists of a mosaic of quartz, muscovite, and hematite with an abun- 
dance of minute needles of blue tourmaline. The interlocking quartz 
grains and the shape of the hematite grains are not at all suggestive of 
a quartz and hematite sand. In the leaner ore with larger rock inclusions, 
hematite not only replaces the fine-grained matrix, but has been deposited 
at the expense of the larger inclusions. All stages of replacement of 
the inclusions are seen. ‘These phenomena extend out to the lean over- 
lying porphyry agglomerate in which many of the larger fragments 
present irregular, ragged boundaries against the hematite of the matrix, 
affording unmistakable evidence of replacement of rock by ore. Further 
evidence of replacement is afforded by phenocrysts of quartz that are 
corroded by hematite. Some of this quartz has been magmatically 
corroded by the felsitic groundmass and this in turn has been replaced 
by hematite, leaving the corroded quartz phenocrysts now embedded 
in ore. 

These replacement phenomena are illustrated in the photomicro- 
graphs of Figs. 2 to 5. The relations are not those of a detrital deposit 
made up of water-borne grains of hematite and felsite sand. 

Of especial significance is the occurrence of blue tourmaline. It 
occurs sparingly but quite widely distributed in both the ore and in the 
hanging-wall rock. Other minerals that were noted in small amounts 
are zoisite, sphene, barite, and a very little apatite. The hematite 
matrix is cut by replacement veinlets of quartz, barite, hematite, and 
mica. ‘These veinlets are traversed in turn by still later barren quartz 
veinlets. There are also veinlets and small areas of pinitic material 
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presumably derived from hydrothermal alteration of feldspathic material. 
Locally it occurs in larger dense porcellanic masses. 


Fig. 2.—Pitor Knop orE. X120. 
Hematite replacing quartz-sericite aggregates. The tongues of hematite pene- 
trating the rock are bordered by very narrow margins of sericite. 


Fig. 3.—Pitot Knos. HANGING-WALL ROCK. X35. 

Crossed nicols. Hematite replacing matrix and corroding felsitic fragments of 
pyroclastic rock. The rock fragments are largely a quartz-sericite aggregate with 
larger quartz phenocrysts. 


Fig. 4.—Pitor Knos. Contact BETWEEN TUFF AND RHYOLITE. X40. 
Hematite replacing fine-grained felsitic rock. Quartz phenocrysts are more 
resistant to replacement than the felsitic groundmass. 


Fig. 5.—Pitort Knos. HeEMatTitTe IN FELSITE. X40. 

Ragged veinlets of hematite traversing fine-grained felsitic rock showing 
irregular and ragged replacement boundaries. The gray and mottled appearance of 
the rock is due to inclusion of swarms of flakes and dust of specularite. 


The occurrence of hematite is not limited to the ore beds and hanging- 
wall rock; it has also been deposited some distance into the footwall 
Trans. (1929)—22, 


ORIGIN OF IRON OR 
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infiltration and replacement of the nets and fragment e ca 
The microscopic evidence proves that the hematite in its p resent — 
occurrence was deposited from hot solutions capable of depositing oe 
. tourmaline, which penetrated not only the ore bed but the overlying § 
fragmental rock and to less extent the underlying more compact por-— ‘ a 
phyry. If it existed originally as black-sand grains, these solutions 
dissolved it, and reprecipitated it at the expense of the gangue with 
which it was associated, probably carrying some of it upward to be 
deposited in the hanging-wall rock and carrying some down into the ~ 
footwall rock. If so much solution and redeposition took place, it 
seems surprising that the sedimentary banding was preserved so perfectly. 
If, on the other hand, the hot solutions brought in the iron, and deposited 
it by replacement of the rock, one can understand why the amount of 
mineralization is proportional to the degree of comminution of the rock 
particles, and why maximum mineralization took place in the fine-grained 
tuffs, less in the coarse agglomerates, and still less in the denser footwall 
porphyry. The well-preserved banding of the ore is then the preservation 
of banding in the tuff. The localization of the ore in the tuff is due to 
the deposition of more hematite in the more easily replaced tuff layers. 


ORIGIN AND NATURE OF MINERALIZATION 


In the preceding pages, evidence has been set forth to prove that 
all of these Missouri iron-ore deposits were formed at high temperature, 
at the temperature of consolidation of pegmatite or thereabouts. All 
are characterized by more or less replacement of the country rock. In 
the Iron Mountain type fissure filling played an important role. In the 
Pilot Knob type the mineralization followed porous, stratified beds of 
pyroclastic rock and replacement of constituents of those rocks was the 
determining cause of ore localization. The associated minerals are 
those more commonly formed by the action of solutions and mineralizers 
on rocks than as a result of reaction between invading magma and rock, 
indicating that the ores were introduced under high-temperature hydro- 
thermal or very mobile pegmatitic conditions rather than as ore magma 
injections. These facts indicate beyond peradventure a magmatic 
source for the mineralizers. Their predominant constituents were 
those of hematite and quartz. They differed in the different deposits 
mainly in the ratio of their ferric iron and silica content, and the ratio 
of these constituents also varied in the same deposit during the period 
of mineralization. 

The country rock porphyries of the iron ores are part of an extensive 
granite-porphyry area in southeastern Missouri. The relationship of 


eratute on the ecole of anaes fat a farther peated Aue? is 


f required to be able to arrive at a conclusive decision. The porphyry 
% has been regarded as an upper peripheral facies of the granite and the 
_ one rock considered to grade into the other. Not enough was seen of 


_ the contacts between the rocks to venture to settle this question. How- 


ever, EK. T. Campbell, geologist of the St. Louis Smelting & Refining 


Co., who has displayed much enterprise in extending the boundaries of 
his geologic interest in the region beyond the limits of the rocks containing 


the lead ores, showed some outcrops on Knob Lick Mountain near 


Syenite, about 12 miles east of Iron Mountain, where the granite is 


- intrusive in. the porphyry. Several small granite quarries on this 
_ mountain show a perfectly sharp contact between granite and porphyry. 


‘The granite contains porphyry xenoliths and dikelets of granite cut the 
porphyry. A close relationship between the granite and the porphyry 
is suggested by the common feature of an unusual abundance of minute 
specular hematite inclusions in the minerals of both rocks, a phenomenon 


that suggests derivation of them and of the iron ores from a common 
magma. It appears probable, therefore, that the iron ores were intro- 


duced by iron-silica-rich end products of a deep-seated granitic magma 
from which the porphyry and granite had been previously derived. 


SUMMARY 


The subject of the origin of the specular hematite deposits of south- 
eastern Missouri was recently reopened through the expression by Spurr 
of views at variance with those of Crane which had been endorsed in the 
main by the observations of Geijer. This contribution to the subject 
presents evidence in support of Crane’s theory. The microscopic study 
of the ore and associated rocks demonstrates a close genetic relationship 
between Iron Mountain and Pilot Knob. The fuller description of the 
mineralogy of the ores presented in this paper, notably the occurrence 
of tourmaline at Pilot Knob, proves that all of the deposits were formed 
at high temperature. It is suggested that porphyry, granite, and ore 
deposits represent successive derivations from a parent granitic magma. 
The peripheral relations of the Iron Mountain deposits and the replace- 
ment nature of Pilot Knob preclude the application of the vein-dike idea 
to these deposits. Ore deposition has been so largely by replacement 
that the activity of -highly mineralized magmatic derivatives must be 
accepted. If Iron Mountain alone were involved, one might be inclined 
to consider the mineralization pneumotectic, but since the Pilot Knob 
mineralization is so nearly like it, a more remote magmatic affiliation is 
indicated; a mineralization for which the term hypothermal would seem 


more correct. 
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Relation of Electrode Potentials of Some Elements to 
Formation of Hypogene Mineral Deposits* 


By B.S. Burimr,} Tucson, Ariz., anp W. S. Bursanx,} Wasuineron, D.C. | 


(New York Meeting, February, 1929) 


relations of minerals that bear on this problem. 


-The effect of the differing electrode potentials of elements on the 
order of oxidation and on the order of displacement of one metal by 
another metal in supergene sulfide deposits has been studied for many 
years by several investigators. The results all agree rather closely with 
the original Schiirmann series of replaceability of metal sulfides, as Wells 


has shown.! 
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effect in precipitation reactions. 


Stupy of the ore deposits of Colorado has disclosed, in numerous 
places, sharp changes in both mineralogy and metal content of the 
_ primary or hypogene deposits with change in depth. A clear under- 
standing of the meaning of these changes is requisite to form intelligent 
conclusions that can be applied in the exploration of such ore deposits. 
This paper is an attempt to set forth some of the geologic and chemical 


So far as the writers are aware there has been little attempt from the 
geologist’s viewpoint to correlate the electrode potentials of the elements, 
other than those of the common metals, with the positions and mode of 
combination of the elements as found in ore deposits, and in particular 
in hypogene deposits. Wells? discusses electrochemical activity between 
solutions and certain ore minerals and mentions the possibility of its 


The senior writer for a number of years has emphasized the importance 
of oxidation-reduction reactions as a factor in the formation of certain 
hypogene ore minerals, and as the electrode potentials are a measure of 
the relative oxidizing and reducing power of the elements and their ions, 
it seems possible that a study of them may offer some suggestions on 
certain problems. The data at present available for such a line of 
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of the uncombined elements’ 


ngs out 
‘their functions in hypogene deposition fe appear ee , 
fully appreciated. The purpose of this paper is to indicate cneriats of 
these relations, with the hope of stimulating discussion by geologists 
and chemists. No attempt is made to explain all the relations observed; c 
the aim of the writers is simply to present a viewpoint which may prove — 
of interest to others. : 


~ 


OXIDATION-REDUCTION REACTIONS 


= 


a It is pointed out in a number of treatises? and textbooks on physical ’ 
chemistry that the electrode potentials are fundamental properties of — 
the elements and provide a measure of the “tendency of electron shells — 
to give off electrons.” By plotting the known potentials of the elements, 
aa or their ions, against their atomic numbers we obtain an arrangement 
such as is shown in Fig. 1, in which the periodicity of this property is 
clearly brought out with its relation to the more recent theories of atomic © 
structure and periodic groups. In each of the four atomic series begin- 
ning with the rare gases helium, neon, argon, and krypton, the elements : 
for which accurate experimental data are known fall in the order of | 
decreasing electrode potential, except that in the two series of 18 ele- 
ments each beginning with argon and krypton sharp jumps in the elec- 
trode potentials occur at zinc and cadmium. This sudden change can 
be correlated, however, with the theories of atomic structure which 
postulate that the zinc and cadmium atoms are at the head of a group of 
elements that contain a more stable arrangement of the atomic kernel 
than the preceding groups of elements, such as that from titanium to 
cupric copper, which are of variable valence.4 On the basis of the theories 
of atomic structure and the position of the elements in atomic groups, 
the writers have taken the liberty of interpolating the positions of some 
elements for which experimental data on electrode potential are lacking. 
Such an estimation, is quantitatively rough, of course, but it should give 
us an idea of the relative positions of some elements. 

An inspection of Fig. 1 brings out several relations with regard to the 
stability of compounds of the elements in hypogene ores. Let us keep 
in mind that the elements of high electrode potential are in general the 
strongest reducing agents, and conversely those of lowest potential are 
the oxidizing agents, and consider the distribution and compounds of the 
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‘H. 8. Taylor: A Treatise on Physical Chemistry, 2, 803. New York, 1925. 
D. Van Nostrand. 

4G. L. Lewis: Valence and the Structure of Atoms and Nioleouiee 63. New York, 
1923. Chemical Catalog Co. 
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high potentials, form oxygen comp 


x sulfides. The potential of vanadium, an apparent exception, in the 
_ valence in which it combines as sulfide may fall below +1. The silicates 


in ores form most abundantly early, at the high temperatures, but con- 
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_ 1.—KNoWN POTENTIALS OF ELEMENTS PLOTTED AGAINST THEIR ATOMIC 
ae (Chart from treatise by Taylor—Op. cit.—with additions by the authors.) 


tinue to form in decreasing amounts at relatively low temperatures. 

The carbonates form most abundantly later than the maximum for the 

‘ silicates, and the sulfates probably have their maximum somewhat later 
ll as the 

than the carbonates. Both carbonates. and sulfates, as we 

silicates of some elements, continue to form to the later stages of 


ore formation. 


‘compounds i in Pree nat de 


tellurides and selenides, or re 
native most commonly are of low pemeriial: 
The elements of the intermediate group, those with potential pay 


zero and +1, form both oxygen compounds and sulfides. Their com- 
pounds are formed over a wide range of temperature. At the highest 


temperatures they form silicates, and with decreasing temperature some 
form first the spinels, as magnetite, franklinite, and gahnite; then the 
oxides, hematite, cassiterite, and zinkite; and finally the sulfides. Iron, 
for example, forms silicates, spinels, oxides, and sulfides; zine forms similar 
compounds, which also have a wide range of temperature of formation. 

The range of temperature of deposition of a metal is the wider if it 
occurs in combination with another metal: iron sulfide, for example, 
begins to form relatively early, and copper sulfide (chalcocite) forms 
later, but the sulfides of iron and copper together, such as chalmersite, 
chalcopyrite, and bornite, form at intermediate stages, and the range of 
both iron and copper is thus extended. Likewise the addition of iron to 
zinc sulfide seems to change its position of formation toward the higher 
temperature range characteristic of iron sulfide. Similar relations might 
be pointed out for other elements. 

In contrast to these we may consider lead, which forms very largely 
as the simple lead sulfide, galena. The metal lead seemingly has a 
narrower range than iron, copper, or zinc, but the sulfide, galena, 
is probably not more restricted than chalcocite or pure sphalerite. The 
combination of iron, copper, zinc, and lead with some of the less common 
elements, such as bismuth, antimony, arsenic, tellurium and selenium, 
further extends their range of deposition. 


THREE Main Divisions oF ELEMENTS 


It appears possible from this distribution in hypogene deposits to 
divide the elements in the periodic or potential groups into three main 
divisions—one including all those whose potentials lie above manganese 
and which form oxygen or more complex silicate compounds almost 
exclusively; a second including those whose potentials lie between zero 
and +1 and which form both oxygen and sulfide compounds; and a third 
consisting of electronegative elements, which form mainly sulfide com- 
pounds, sulfosalts, native metals, tellurides, ete. 

In order to establish more definitely the positions where such arbitrary 
divisions might be placed, the elements were arranged roughly in the 
order of their known or theoretical positions in the potential series, 
together with the common groups of minerals formed in hypogene 
deposits. This arrangement is shown in Table 1, in which the mineral 
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NATURALLY OCCURRING COMPOUNDS OF THE ELEMENTS 


HIGH TEMPERATURE 


range of temperature and containing certain ‘“persistent’’ minerals are 
Taste 1.—Elements Arranged in Order of Their Known or Theoretical 
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The position thus assigned to the native elements may be some- 


placed in positions corresponding to their higher temperature of for- 


what out of harmony with those of the other groups 


mation. 
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they are placed in the positions swhigh available data and the judgr 
of the writers indicate to be the most probable. : 
- The known occurrences of elements in mineral groups, together w with 
estimates of their importance, are taken mainly from tables by Clarke — 
and Washington,® with certain additions and changes tending to make the * 
table applicable solely to primary occurrences. The minerals are 
arranged in a band extending diagonally across the table. This gives — 
what is essentially the stability range of minerals in ore deposits. The 
elements that fall between hydrogen and manganese are those of the 
transition group which form both oxygen compounds and sulfide com- 
pounds. These divisions correspond closely to those made by Clarke _ 
and Washington*—petrogenic elements, metallogenic elements, and q 
transition elements—except that in the divisions adopted here the 
heavy metals, such as iridium and platinum, fall into the metallogenic 
group, and the transition group is much larger. However, the limits 
of the transition group as indicated in Table 1 were selected mainly from 
the occurrence of the metals with a view to assist in bringing out the 
stability relations in mineral deposits rather than to exhibit the occurrence 
of the elements in the earth’s crust as a whole. 


PoTENTIAL OF SULFIDE ION 


If it is true, as indicated by the preceding discussion, that the metals 
of the transition group occur in oxidized condition or as oxygen com- 
pounds in the vein-forming stage preceding the precipitation of metal 
sulfides, does it follow that the sulfide ion (S~—), with its high oxidation 
potential, which falls in this group in the potential series, could have been 
stable under the same conditions in this extremely low state of oxidation? 

Let us consider two specific oxidation reactions:’ 


S— = 8° (rhombic) + 2E- Ee ='0-51 [1] 
Fett = Fet++ + 1E- E® = —0.747 [2] 


i 


II 


where E~ represents electrons exchanged during the reaction, and E° 
the standard electromotive force of the reaction. 

Under conditions comparable to those of the experimental data on 
potentials, and under oxidizing influences that were favorable to either 
one, reaction 1 would take place before reaction 2—that is, the sulfide ion 


5F. W. Clarke and H. S. Washington: The Composition of the Earth’s Crust: 
U.S. Geol. Survey Prof. Paper 127 (1924) 94, 95. 
6. W. Clarke and H. 8. Washington: Op. cit., 72. 


7@. L. Lewis and M. Randall: Thermodynamies, 411. New York, 1923 x 
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electrode potentials are a relative measure of the “free energy”’ changes 
occurring in reactions, and those reactions with the greatest driving 


force or potential involve the greatest loss in “free energy.” It is 
recognized, of course, that electrode potentials vary with temperature, 


pressure, concentration, and nature of the solution. But relative 
potential can hardly be affected seriously by pressure except in reactions 
involving gases, nor should ordinary changes in concentration and nature 
of the solutions alter the order of potentials, even though certain poten- 
tials may change their positions more rapidly than others. In short, 


positions of the elements in atomic groups appear so closely related to ~ 


their potentials, as shown by the chart of atomic numbers, that it is 
hardly to be expected that ordinary geologic processes would greatly 
alter the relative positions of the elements in any given environment. 
On the other hand, as so little is actually known about the nature of ore- 
forming solutions, predictions of specific reactions in these solutions can 
as yet hardly be made. The antipathy between ferric compounds and 
sulfide compounds has been emphasized by several writers,* and it seems 
possible from this antipathy that a relation between the oxidation 
potentials of the sulfide ion and the ferrous ion may also exist under the 
conditions prevailing in ore-forming solutions. As no accurate data for 
the oxidation potentials of sulfur (S°) to its oxides could be found for 
sonditions comparable to those of the standard electrode potentials, these 
can not be compared with other oxidation potentials in the series. It is 
probable, however, that these potentials fall low in the series and that 
only under relatively strong oxidizing conditions would any appreciable 
quantities of SO; or sulfuric acid be formed. It is well known that 
certain sulfates, such as barite, are associated with sulfides in some 
primary ore deposits, and in many such deposits the deposition of barite 
preceded that of the sulfides. Clearly, then, some of the sulfur was in a 
very highly oxidized condition prior to the deposition of sulfides. 

If sulfur occurs in its more oxidized states—that is, as S, SOs, or 
SO;—at the higher temperatures in vein solutions, as suggested above, 
it is obvious that metals could not be transported mainly as complex 
sulfide ions in alkaline sulfide solutions. More highly oxidized solutions, 
such as sulfite, sulfate, or alkali carbonate or bicarbonate solutions, 
would seem to be more likely carriers. Is it not then reasonable to infer 


8B. S. Butler: Primary (hypogene) Sulfate Minerals in Ore Deposits. Econ. 
Geol. (1919) 14, 601, 602. 


Some Relations between Oxygen Minerals and Sulphur Minerals in Ore Deposits: 


Idem (1927) 22, 233. 


G. Gilbert: The Significance of Hematite in Certain Ore Deposits. Econ. 


Geol. (1926) 21, 560. 


: Fes tactitas: may nithiat greater conce: mos 

elements at high temperature were ied in a velatiwatyarea 
combination and that they were precipitated as sulfides only with 
decrease in a strength of the oxidizing conditions for sulfur and metals? ies 


ba : 4 Basis ror FurTHER INVESTIGATION 


wd This argument is concerned with the compounds of iron and sulfur 
found in mineral deposits, because these elements, at the present stage 
of our knowledge, most readily lend themselves to the purpose. With 
__ increase in knowledge of the potentials of other reactions occurring in ore 
solutions and pertaining to other elements than iron and sulfur, it will 
{ be possible to arrive at a better understanding of the stability relations __ 
of minerals in hypogene ore deposits. It is with this hope that the 
4 writers have ventured somewhat out of their fields and attempted to 
; 

7 

: 


present and review the data now available, so that they may come tothe _ 
attention of physical chemists and those better prepared to apply physico- : 
chemical laws and experimental data to the solution of such problems. 
It is recognized that solubility and other factors enter into the problem, 
but in this paper the effects of electrode potential are emphasized. 

The foregoing more or less theoretical discussion may be supplemented 
by examples of ways in which such data may be applied in practical 
exploration, although the reader should keep in mind that the limitations 
of the data at present available prevent a comprehensive application. 
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FInLtps oF PracticaL APPLICATION 


One of the most useful aids to the successful exploitation of any ore- 
body is an idea of the depth to which it may be expected to extend, and 
the ability to recognize the bottom of an orebody when it is reached is 
nearly as valuable as the ability to recognize the outcrop. Economic 
geologists have a pretty clear general idea of how deep oxidized orebodies 
and secondary (supergene) sulfide orebodies are likely to go under different 
conditions and what changes are likely to take place when these zones 
are passed. They also have some ideas as to what is to be expected in 
primary hypogene orebodies with increase in depth,- but these ideas are 
not nearly as clearly defined and generally accepted as those relating to 
secondary ores. Every experienced mining man knows from observation 
that when he passes through the surface oxidized zone he will come into 
sulfides and that under normal conditions oxidized ore will not again be 
found beneath the sulfides. Likewise it is common knowledge that when 
the secondary sulfide zone has been passed ore of the same type will 
not be found again beneath primary ore. In regard to primary (hypo- 
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the limit of profitable ore has been reached. 

A more rational decision may be based on the nature of the change 
observed in the orebody. This change may show one of three aspects. 
First, there may be a narrow or lean zone in the oreshoot caused by 
structural conditions or a difference in the wall rock. Again, the vein 


or shoot may continue without change in size but undergo a gradual 


change in mineralogy and metal content. Thus a vein in which lead is 
an abundant constituent and copper subordinate may so change within 
a few hundred feet that lead is relatively subordinate and copper abund- 
ant, or a vein in which chalcopyrite is an abundant constituent may give 
place at depth to a vein consisting essentially of pyrite and containing 
very little chalcopyrite. Finally, there may be the more striking change 
—though one less often encountered—of a vein in which the metals are 
present as sulfides and allied minerals changing with depth to one in 
which much of the iron is present as oxide. 


‘ rstood as to ) afford much practical guidance to mining , 

“men. It has been customary to extend workings downward till funds 
_ give out or till the operator becomes discouraged by some inauspicious © 
change in the orebody without determining conclusively whether or not 


> 


It seems clear that in the first case, where a vein decreases in content | 


of a metal without notable change in mineralogy, there is a chance that 
the content of this metal may again increase at a deeper level, beyond 
the influence of the local structure, or change in the wall rock to which the 
change was due. On the other hand, where a vein not only decreases 


in metal content but alters radically in the character of the minerals — 


present, these changes should be carefully considered before large expendi- 
tures are made for deeper development. 


Rocky Mountain Region 


The principle finds application in the southern Rocky Mountain 
region, where, in general, the primary ores of all the common metals, 
except iron, manganese, and gold, contain the metals as sulfides or allied 
minerals of the sulfide group. Any indication, then, of passage from the 
sulfide group of minerals to the oxides, spinels, and silicates is highly 
significant, and usually it is unfavorable. The most abundant metal 
that occurs in all these groups of minerals is iron, which, indeed, is 
practically everywhere present; and this metal is perhaps the best indi- 
cator of some critical change, because of its occurrence in different states 
of oxidation. Any locality where ferric minerals, whether oxides, spinels, 
or silicates, are present as vein minerals or are shown, by their presence 
unaltered in the wall rock, to have been in equilibrium with the ore 
solutions, lies either in the zone where sulfide could not form or on the 
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t be found nearer the source: 
expect to find the sulfides increasing z: | 
the other. This is perhaps the most Pasieril and certain rule that can — 
now be stated; therefore the ferric iron content of the deposits in Her ns 
_ wall rock, as wll as the apparent stability a the ferric frome leet . 
minerals, should be carefully watched.? i: 
---—s-:-Tt is possible that a vein in which ferric minerals have been deposited —. 
may be reopened and sulfides be deposited, but in such veinsit shouldbe = 
apparent that the ferric minerals were not stable and have been reduced ! 
on by the later mineralizing solutions. The characteristic bleaching along 
‘ sulfide veins of “red rocks” is a striking example of the instability of 
; ferric oxides in the presence of solutions that deposit sulfides. If the 
ferric minerals are sufficiently abundant they may retard the reduction | 
of oxidized solutions containing sulfur, and thus prevent or delay the B.. 
normal deposition of sulfides, as has perhaps occurred during the for- 
mation of the native copper deposits of Michigan. 

Ferric minerals are most abundant in contact deposits in limestone, 
probably owing to the oxidizing effects of carbon dioxide liberated from 
the limestone, but they are present in other deposits, and where they are 
not present in the vein their degree of stability may be noted in the 
wall rock. 


Camp Bird Vein 


A specific example of a problem in this field is afforded by the Camp 
Bird vein, in the Ouray. district, Colorado. The writers have made a 
preliminary examination of this vein, and from the study of reports and 
discussion with those familiar with the deposit the conditions may be 
outlined essentially as follows. In the levels above the third adit, 600 to 
1000 ft. below the surface, the vein is essentially a quartz-sulfide vein 
that had been repeatedly opened and mineralized.1° There is no mention 
in the earlier reports of hematite or any ferric oxide minerals in the vein, 
although deeper explorations have encountered much hematite in the 
vein and much epidote in the altered wall rock. In the hematite shoot 
at the east end, the deepest shoot and the one last worked, part of the 
gold occurs in a quartz-hematite vein containing some sulfides. On the 
lower tunnel level, which is several hundred feet vertically below the 
main productive zone, the vein contains abundant specularite together 
with some sulfide, but the gold content is usually low. The question 
arises, is the specularite vein an earlier one that was reopened and 


* This has already been pointed out by B. 8. Butler: Suggested Explanation of the 
High Ferric Oxide Content of Limestone Contact Zones. Econ. Geol. (1923) 18, 
403. 


10 J, E. Spurr: The Camp Bird Compound Veindike. con. Geol. (1925) 20, 115. 


Eclat ‘The dctensae on a | sual res toie is of the highest: impor- 


_ tance in deciding the future work on such a vein. If the specularite vein 


is distinctly older than the sulfide vein,.and if hematite has been 


: destroyed by the latter mineralizing solutions, it may be that valuable — 
shoots of ore exist at lower levels than the main productive shoots. If, 


however, the sulfide vein has gradually changed in depth to a specularite- 
bearing vein, with a loss of gold content, there is little likelihood that 
the sulfides and gold will reappear at still greater depths, at least within 
the range of the same type of wall rock. 


Colorado Bonanza District 


Similar problems arise in the Bonanza district of Colorado, where 
during the early stages of mineralization hematite-bearing (specularite) 
silicified rocks or jaspers were formed. ‘These hematite-bearing rocks were 
clearly unstable during the deposition of the later sulfides, the evidence 
of alteration being found in bleaching and pyritization of the jaspers with 
partial destruction of the ferric minerals. Along certain fault veins 
bodies of hematite-bearing rock may be found practically unaltered 
by sulfide-depositing solutions. Such veins are apparently unfavorable 
to the presence of commercial bodies of sulfides, either at the horizon, 
which is now the surface, or at greater depths. Other veins are char- 
acterized by marked pyritization and bleaching of the hematite-bearing 
rocks, and such veins evidently lie within a zone that would be favorable 
to the formation of sulfide orebodies if certain structural conditions, such 
as the presence of open spaces for the localization of sulfides in commercial 
quantities, were present. 

Order of Deposition of Minerals.—In the table showing the stability 
fields of minerals and in the chart of electrode potentials it seems evident 
that the order of deposition of the mineral groups was silicates, oxides, 
and sulfides, the groups falling in the decreasing order of the average 
potentials of the elements constituting them. But there is also a sugges- 
tion that in any group of simple compounds, such as oxides or sulfides, 
the individual elements are deposited in the decreasing order of their 
potentials, though there are some prominent exceptions which need 
explanation. 

From this consideration, molybdenum, zinc, and iron sulfides would 
be expected to form early in the sulfide stage; silver and mercury late in 
that stage, and lead and copper between these extremes. It has already 
been pointed out that a mineral containing a combination of two metals, 
such as iron and copper in chalcopyrite, actually forms between the 
stages where the simple sulfides would respectively form. These ideas 
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certain anomalies which appear 

study, for so far as the writers are aware no satisfactory exp. 

_ has ever been advanced to account for the remarkable constancy of the a 

order of deposition of minerals. Sh 
Problems also arise in connection with the state of oxidation of hypo- a 

gene solutions, especially with reference to the possible high concen- _ 

tration of the strong acid radicals when sulfur forms mainly oxidized — 

compounds. A discussion of these problems will not be attempted here. 
It is hoped that with further study a more definite and comprehensive 

arrangement of the minerals as well as of metals may be determined, to 

assist in estimating positions in the veins relative to their changes with 


depth. This statement does not imply, however, that the writers wish 


i to reserve this field of investigation to themselves. 
SUMMARY 
: In the preceding pages the relation of the electrode potentials of 


elements to the occurrence of the elements in hypogene ore deposits is 
brought out. Electrode potentials are regarded by chemists as indi- 
cating certain fundamental properties of elements that have a direct and 
controlling influence on oxidation-reduction reactions. Such reactions 

are believed by the writers to have a vital bearing on ore deposition. 

Arranged in the order of their electrode potentials, the groups of 
elements show a periodicity and a definite and striking relation to their 
occurrence in primary ore minerals. Elements in each group with elec- 
trode potentials above +1 occur only in oxygen combinations. Elements 
with negative potentials occur only as sulfides, allied minerals or native 
metals. Elements falling between the two extreme groups occur. both as 
oxygen minerals and as sulfides. ' 

In ore deposits the oxygen minerals of this intermediate group begin 
to form before the sulfides. The electrode potential of the sulfide ion 
S-- falls in the intermediate group, and under conditions that would 
cause ferrous iron to be oxidized to ferric iron, sulfide ion would probably 
be raised to a higher state of oxidation. The presence of barite and 
other sulfates formed before sulfides indicates that the sulfur is, in part 
at least, in a very high state of oxidation prior to the deposition of 
sulfides. As some of the metals were present as oxidized compounds 
before they were deposited as sulfides, it is questioned whether most of 
the metals were not transported in oxidized compounds rather than as 
soluble sulfides. 

The groups of elements are deposited in the order of their potentials, 
and within the range of simple sulfides the metal sulfides tend to be 
deposited in the order of their potentials. 
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uld add greatly to our understanding and certainty regarding the 
Position of minerals in the general range of primary mineral formation. 
Certain practical results are pointed out: If a vein contains ferric 


minerals that have not been attacked or altered by the ore solutions, the — 


conditions were not favorable to the deposition of sulfides, and the 
sulfides are likely to decrease toward the source of the solutions. Among 


_ the sulfide minerals there is an order of deposition from higher to lower 
_ temperature that corresponds with the electrode potentials of the metals. 
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DISCUSSION 


H. R. Buanx, New York, N. Y. (written discussion).—The electrode potentials 
of the elements have been measured between the elements and aqueous solutions of 
their ions, and have been shown to apply to oxidation-reduction reactions in aqueous 
solutions. Would the same values of the electrode potentials apply to the prediction 
of reactions in fused solutions? 


R. J. Lxonarp, Tucson, Ariz. (written discussion).—Electrochemical action as a 
frequent factor in ore deposition is generally recognized by students of ore deposits, 
though perhaps not always to the extent it evidently deserves. The authors’ arrange- 
ment of tables and the arguments put forth certainly indicate relationships of a nature 
as yet unconsidered by investigators. Moreover, the laboratory work of this kind 
that has been done by Gottschalk and Buehler, Wells and others strongly suggests 
that further and perhaps more definite results are yet to be obtained for geological 
application, when experimental investigations are carried out with this particular 
end in view. Of course, laboratory work bearing on the subject of ore deposition in 
general postulates rather ideal conditions of process, whereas in nature many unknown 
conditions doubtless exist to produce quite similar results—or different, as the case 
may be; therefore most results obtained experimentally are of doubtful or, at best, of 
limited practical value. ‘This may be more than usually true of research dealing with 
electric activity. 

- In any attempt to correlate the electrode potentials of the chemical elements with 
the position and mode of combination of the elements as found in ore deposits, various 
important and often conflicting factors enter into the problem, as even a brief inquiry 
into electrochemical phenomena will show. Nevertheless, there are not so many 
known conditions but that a sufficiently large number of experiments in various 
combinations may provide quite enough definite, usable data to be of geologic value. 

Trans. (1929)—23. 
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paper is most welcome, as it displays t 
- methods of physical chemistry in dealin, 
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phenomena. The discussion that follows is = intended as a pees but 
as an amplification of the main points brought out in the paper. 

First a few definitions: From the physicochemical standpoint, ‘ ‘oxidation”™ 
loss of electrons; ‘‘potential”” means the work required to transport a unit electri 


charge through a given length of circuit under given conditions. If the circuit con-— g 


tains a metal/liquid junction, the quantity of electricity is expressed in terms of the = 
Faraday (96,500 coulombs). Hence, when we speak of the ‘‘oxidation potential’ 


or of the ‘‘standard electrode potential” of, say, zinc, what we really mean is the work 2 


required to transport two Faradays of dleatricity to the metal zinc from one gram- 
molecular weight of zine ions, Zn**, contained in 1000 g. of water at given temperature 
and pressure. Or, which comes to the same thing, this represents the energy that is — 
liberated when one mole of zinc loses two Faradays (as electrons). Thus at 25°C., 
E» for Znt+ is given as —0.758 volt; then the energy given up to the surroundings by 
the reaction 
Zn + 2E- — Znt* 
must be 
AF = ae etaae x bal = —34,980 cal. per mole, 
4.19 

which is, of course, the “‘free energy of formation” of zine ion at 25°C.1! 

Thus there is a definite relationship between potential and free energy, and the 
terms may be used interchangeably if the implications involved are fully appreciated. 


_ As a rule, however, there seems to be considerable confusion regarding the true sig- 


nificance of the terms ‘“‘oxidation,” ‘‘potential,” ‘‘reduction,”’ and ‘‘affinity’’—or 
‘“antipathy;”’ hence it is suggested that the use of free energy as a measure of affinity, 
or lack thereof, should lead to a clearer conception of the essential simplicity of pre- 
dicting, or accounting for, the probable course of physicochemical reactions. 

We. are wont to account for reactions by assuming the action of a force, usually 
external to the system. If we think of a force as the tendency of energy to flow from a 
region of high intensity to one of low intensity, the essential role of energy flow in all 
natural phenomena becomes apparent; and the value of the concept of affinity in terms 
of free energy permits us to apply the weli-known laws of thermodynamics to the 
problem of the formation of hypogene deposits. 

Thus we need not assume any particular mechanism or type of solution if we can 
determine the quantity and direction of the energy flow involved. In the first place, 
we may note” that most of the common cations and anions represent a lower energy 
level than do the corresponding elements either in mixture or in atomic or molecular 
solution (dispersion ). Hence it is apparent that the solutions from which the primary 
deposits resulted contained the metals, non-metals, and gases, for the most part as ions. 

Second, it is reasonable to suppose that, at depth, these solutions existed under 
considerable pressure and relatively high temperatures, and that as the solutions 
approached the surface the temperature and pressure both decreased progressively. 
Since aqueous solutions are comparatively noncompressible, it is evident that the 


11 For the sake of uniformity, the notation used in Lewis and Randall’s Thermo- 
dynamics [New York, 1923, McGraw-Hill Book Co.] will be used here. For standard 
molal potentials see p. 420; for standard free energies, see p. 607. 

12 G. L. Lewis and M. Randall: Op. cit., 607. 
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+ ordinary nroeonce The effect of tan parnuune! 
ge, however 4 is ian more profound, since the value of the free energy change, and 
nce of the affinity, may be greatly modified, or even reversed in sign at high tem- 
: peratures. 18 For example, at 25°C. the reaction 


SO. + 402 80, ee cag 


3 "gives up to the surroundings 85,890 cal. of free energy; but at 787°C. the free energy 

_ change is zero, and above this temperature the reaction (if forced) absorbs energy. 

Ee Third, we come to the question of solubility, or of ‘ ‘solubility product,” as it is 

_ sometimes called. This is a moot point, but we may note that the solubility of a given 

_ substance is again a question of the free energy change, or of energy flow. In general, 

if a compound is formed and precipitated from solution, we may assume that the cause 

is to be found in a liberation of energy; that is, in such a case the solid state in contact 

_ with the solution (heterogeneous system) perereais a lower level of energy than did 
the mother solution Moran eneons system). 


TABLE 2,.—Heats of Formation aac 7 
(Gram Calories per Mole) : 


Metal wate tes Sulfates Carbonates Oxides Sulfides | Selenides 
Mr 8iO2 MSOs 3 MO MS Se2 
1B: ge, ove ee aeeaben | 328, 100 339,400 286,300 133,400 | 102,900 69,900 
UNAS. een 202, «| 320,000 328,100 273,700 100,900 89,300 60,900 
(Oia se ES eee 329,950 317,400 273,850 131,500 94,300 58,000 
TUR le OS eae 229,600 197,500 84,800 43,000 30,000 
Ofte Aces ees 219,900 183,200 66,300 34,400 23,700 
4 (Cx aera ena 181,700 146,100 37,700 10,100 17,300 
q TEL): 2a, cee eae 215,700 170,000 50,800 20,200 17,000 
:- LDS Re eae tice 254,600 187,800 65,700 24,000 15,700 
i (Cir Sa eae 43,800 20,300 8,000 
} ae a2 Uisies.5 165,100 21,500 10,600 6,300 
e “IMGs ae ee 167,100 123,800 7,000 3,000 2,000 
f 
J 2 The tellurides are of the same approximate order of magnitude. 


a To take up the more specific problem: Assuming that solutions at depth contain a 
3 number of possible ionic constituents, what are the most probable combinations of 
these ions and at what depths, or in what order, will such combinations be most likely 
to oceur? A quantitative answer to the first question could be given if we knew all 
of the energy values involved, but unfortunately such data are largely lacking. How- 
ever, we may use heats of formation as an approximation, where free energy values 
are lacking. A few comparative values of heats of formation are given in Table 2, 


13 G. L. Lewis and M. Randall: Op. cit., Chap. IX and XXXII. A simple way of 
showing the affect of tempper ature and of ion concentration is by means of the Nernst 


equation 
AF = AF, + RT1n(Cn), 
where Cm means the molal concentration of the given ion. This also brings out the 


relatively small affect of concentration changes. 


— 


Pe boeiticnan, ener 
Thus, since at depth the escape 08k vo id 
energy values involved, the order of deposition of compounds of a given oul; 
probably be: (1) silicate, (2) sulfate, (3) spinel, (4) carbonate, (5) ond 6) 
sulfide, (7) selenide. ae 
It may be noted also that the more basic (eloctronbeative) the metal, the higher 
would stand in any group in this series. In this connection it is interesting to not 
the high stability indicated for the more basic and complex silicates; for example, as 
compared to the simple CaSiO; value given above, the corresponding values for other 
silicates are 


Cau. PER MOLE 

Ca:Si0. = 471,300 

Ca;SiO; = 603,000 = a 
Ca3Al.8i20 10 = 1,195,400 : ~ 

H,4Al28i20 5 = 927,400 


The case of that ubiquitous element, iron, is interesting as showing the range of 
distribution possible for a polyvalent, weakly basic element that exists in large total 
amount throughout the lithosphere. Halferdahl gives the heat of formation of FeS2 — 
as 35,500 cal. per mole,!* and notes that on heating at ordinary pressures e 


7FeS. — Fe7Ss + 382 + 3(9880) cal. 


In other words, FeS: appears to be a condensation product, rather unstable at higher 
temperatures unless a relatively high temperature be maintained. Again, Lewis and 
Randall!* give the free energy of formation of Fett as —20,350 cal. (slightly greater 
than that for Cdt+), while that of Fe+** is only —3,100 cal. These facts, taken 
in conjunction with the fact that energy must be pumped into the reaction 


S°— 8S" — 2E- 
in molal solution, indicates that the ‘“‘antipathy”’ of ferric iron to sulfides is simply a 
matter of the relatively small amount of energy available in Fe*** as compared to that 


in Fet* or in other more electronegative metals. That is, ferric iron would be more . 
“attracted” to the oxidized compounds where the free energy decrease is high. 


| 


Finally, and in summary, if we regard these mineral-beamng solutions simply as 
physicochemical systems, and apply to them even the limited amount of data now 
available, in the light of the known laws of thermodynamics, we arrive at a semi- 
quantitative answer to the problem of the relation of composition to depth. As the 
authors state, ‘‘ . . . the individual elements are deposited in the decreasing order of 
their potentials, though there are some prominent exceptions which need explanation.” 

It is probable that these exceptions can be brought into line by taking account of the 
effects of temperature and ion concentration, as indicated above. And in any event, 
the application of the general principles established cannot but prove fruitful when 
carefully and critically interpreted. 


4 See H. O. Hofman: General Metallurgy, chap.4. New York, 1913, McGraw-Hill 
Book Co.; also Landoldt-Bérnstein Tabellen, etc. 


18 A. C. Halferdahl: Thermal Decomposition of Covellite and Pyrite. Min. & 
Met. (1927), 8, 469. 


16 G, L. Lewis and M. Randall: Loc. cit., 607. 
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Test for Measuring the Aggluti- 
nating Power of Coal 
Hydrotator Coal-cleaning Process 


‘Wheeler P. Davey 


Sp ae 
Mererrina 


eeler Cleveland 
C. C. Nitchie Sept., 1929 
M. L. Fuller . 
B. Egeberg Cleveland 
H. B. Smith Sept., 1929 
W. A. Scheuch Cleveland 
J. Walter Scott _- Sept., 1929 
R. W. Drier Cleveland 
C. T. Eddy Sept., 1929 
Coat anpD CoxkEr 
George Stanley Scott New York 
Feb., 1929 
Henry Louis New York 
Feb., 1929 
Alex. L. Hay _ New York 
Feb., 1929 
R. W. Waterfill New York 
Feb., 1929 
S. M. Marshall New York 
B. M. Bird Feb., 1929 
W. L. Remick New York 
George B. Jones ~ Feb., 1929 


Constitution and Nature of Penn- 
sylvania Anthracite with Com- 
parisons to Bituminous Coal 

Bumps in No. 2 Mine, Springhill, 
Nova Scotia 

Misfires: Their Causes, Prevention 
. and Treatment on Occurrence 
Misfires in Anthracite Coal 

Mines (With Discussion) 
Misfires in Bituminous Coal 

Mines (With Discussion) 
Misfires in Non-metallic Mining 

(Limestone) (With Discussion) 


Homer Griffield Turner New York 


Feb., 1930 
Walter Herd New York 
Feb., 1929 
New York 
; Feb., 1929 
T. D. Thomas 
W. H. Forbes 


A. W. Worthington 


PETROLEUM AND Gas 


Some Properties of Fuller’s Earth 
and Acid-treated Earths as Oil- 
refining Adsorbents 

Mathematical Development of the 
Theory of Flowing Oil Wells 

Some Observations on Principles 
Involved in Flowing Oil Wells 


Electric Welding of Field Joints of 


Oil and Gas Pipe Lines 
Flow Resistance of Gas-oil Mix- 
tures through Vertical Pipes 


Methods of Tubing High-pressure 
Wells 
Repressuring in Depleted Oil Zones 


C. W. Davis Los Angeles 
L. R. Messer Sept., 1928 
J. Versluys Tulsa 

Oct., 1929 
8. F. Shaw Tulsa 

Oct., 1929 
Harold C. Price Tulsa 

Oct., 1929 
L. C. Uren Tulsa 
P. P. Gregory Oct., 1929 
R. A. Hancock 
G. V. Feskov 
H. C. Otis Tulsa 

Oct., 1929 
C. M. Nickerson Los Angeles 

Oct., 1929 
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T29, 288 
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"207-17 


 212-H-8 


239-H-9 


257-H-10 


258-H-11 


~ 


164-I-20 


166-I-21 


197-I-22 


202-I-23 


211-1-24 
212-1-25 


215-1-26 


Ay 


. toe te Oa +s 
uperhard Metals for Tool Fa 
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Soapstone Mining in Virginia 
Clay Mining for Quality 
The Barite Industry in Missouri 


Some Properties of Fuller’s Earth 
and Acid-treated Earths as Oil- 
refining Adsorbents 

Government Potash Exploration 
in Texas and New Mexico 

Occurrence of Bentonite in South- 

ern Arkansas 

Misfires: Their Causes, Prevention 

and Treatment on Occurrence 

Misfires in Anthracite Coal 
Mines (With Discussion) 

Misfires in Bituminous Coal 
Mines (With Discussion) 

-. Misfires in Non-metallic Mining 

(Limestone) (WithDiscussion) 

The Chivor-Somondoco Emerald 
Mines of Colombia 


Non-Mpranut 


H. E. Nold 


W. M. Weigel 


C. W. Davis 
L. R. Messer 


G. R. Mansfield 


W. B. Lang 
George C. Branner 


T. D. Thomas 
W. H. Forbes 
A. W. Worthington 
P. W. Rainier 


C. Mentzel 
C. K. MacFadden 


Minine GEroLogy 


Extension of Oreshoots with Com- 
ments on the Art of Ore Finding 

Relation of Electrode Potentials of 
Some Elements to Formation of 
Hypogene Mineral Deposits 

Origin of Iron Ores of Iron Moun- 
tain and Pilot Knob, Missouri 


Silver-bearing Minerals of Some 
Ores from the Tintic Mining 
District 

Gold-quartz Veins of the Alle- 
ghany District, California 

Government Potash Exploration 
in Texas and New Mexico 

Geology and Engineering for Dams 

and Reservoirs 

Responsibilities of the Geologist 
in Engineering Projects (with 
discussion) 

Problems Involved in the Geo- 
logic Examination of Sites for 
Dams 

Relation of Ground-water Con- 
ditions to Leakage of Reser- 
voirs (with discussion) 

Effect of Minor Geologic Details 
on the Safety of Dams (with 
discussion) 


Harrison Schmitt 


B. 8. Butler 

W.S. Burbank 

Joseph T. Singe- 
wald, Jr. 

Charles Milton 

A. W. Hahn 


Henry G. Ferguson 
Roger W. Gannett 
G. R. Mansfield 
W. B, Lang 


C. P. Berkey 


Kirk Bryan 


O. E. Meinzer 


Charles Terzaghi 


New York 
Feb., 1929 
New York 
Feb., 1929 
New York 
Feb., 1929 
Los Angeles 
Sept., 1928 


New York 
Feb., 1929 
New York 
Feb., 1929 
New York 
Feb., 1929 


New York 
Feb., 1929 
New York 
Feb., 1929 


New York 
Feb., 1929 
New York 
Feb., 1929 


New York 
Feb., 1929 
New York 
Feb., 1929 
New York 
Feb., 1929 


T29, 318 


T29, 341, 353 


T29, 330, 340 


T29, 325 


T29, 241, 255 


; _ Geologic Examination of Dam 

i 2 _ Sites in the Tennessee and 
= Cumberland River Basins 
“aa ‘The Geology of Dam Sites (with 
ram. discussion) 

_-_- The Geology of Dams and Reser- 

acai voirs 
_ Success and Failure of Reser- 
ee * voirs in Basalt (abstract) 


L. W. Fisher 
R. D. Obrenschall 


C. K. Wentworth 
L. C. Glenn —_ 


H. T. Stearns 


GropuysicaL P BODE DCEN: G 


New York 


166-L-14 Relation of Electrode Potentials of B. 8. Butler 
____- Some Elements to Formation os W. 8. Burbank Feb., 1929 
Hypogene Mineral Deposits 
178-L-15 Interpretation of Gravitational H. Shaw New York 
Anomalies Feb., 1929 
200-L-10 Radioactive Atmospherical Andrew V. Corry New York 
7\ Method of Measurement for Feb., 1929 
aay Geophysical Prospecting 
. PREPRINTS 


The following papers were issued as preprints for Upeseata og at a meeting but are not available 


in separate form: 
; Effect on Producing Wells of Shut- 
< ting in the Offset Wells 
: California in 1928 


The Crude Oil Supply 


Gasoline Economics and Refinery 
Operation 

Core Studies of the Bradford Sand 
from the Bradford Field, Penn- 
sylvania 

Venezuela 


Means of Controlling Gas-oil 
Ratio 

Rocky Mountain Region during 
1928 

Fuel Oil, The Safety Valve of the 
Petroleum Industry 


Bolivia 


5). 
i 


~ Texas-Louisiana Gulf Coast 


~~ ——_ ., eo 


Mexico 


a" . 


Colombia - 


Montana 


East Texas and Along the Balcones 
Fault Zone as far South as 
Medina County 


New York 


C. M. Nickerson 
2 Feb., 1929 
W. R. Wardner New York 
Feb., 1929 
Howard 8S. Bryant New York 
Feb., 1929 
H. J. Struth New York 
Feb., 1929 
Charles R. Fettke New York 
: Feb., 1929 
E. B. Hopkins New York 
H. J. Wasson Feb., 1929 
Hallan N. Marsh New York 
Bruce H. Robinson Feb., 1929 
Dean E, Winchester New York 
C. D. Johnson Feb., 1929 
Charles J. Deegan New York 
Feb., 1929 
Gilbert P. Moore New York 
Feb., 1929 
W. F. Bowman New York 
J. M. Vetter Feb., 1929 
Valentin R. Garfias New York 
R. V. Whetsel Feb., 1929 
James Terry Duce New York 
Feb., 1929 
Ralph Arnold New York 
Feb., 1929 
D. M. Collingwood New York 
Feb., 1929 


G29*, 162, 181 +7 
: “ 

G29, 437 

G29, 521 or 


G29, 541, 552 : 


G29, 221, 239 


G29, 474 


~ G29, 183, 485 


G29, 454 
G29, 554, 563 
G29, 501 
G29, 446 
G29, 489 
G29, 498 
G29, 461 


G29, 427 


* G29 indicates inclusion in Transactions, A. I. M. ., Petroleum Development and Technology, 


1928-29. 


364 


Trcu- 
NICAL 
Pusui- 
CATION 
No. 


A. I. M. E. TECHNICAL PUBLICATIONS, 1929 


Preprints.—Continued 


TITLE 


Permian Basin, West Texas and 
New Mexico 

North Central and West Central 
Texas during 1928 

Peru 


Dutch East Indies and Sarawak 
(West Borneo) in 1928 

Production Development in the 
United States in 1928 

Suggested Procedure for Exploita- 
tion of an Oil-bearing Structure 
by Unit Operation 


AUTHOR 


A. R. Denison 
W. G. Wender 
A. M. McQueen 
J. Th. Erb 
Joseph Jensen 


C. 8S. Corbett 


MseEtTING 


New York 
Feb., 1929 
New York 
Feb., 1929 
New York 
Feb., 1929 
New York 
Feb., 1929 
New York 
Feb., 1929 
~Tulsa 
Oct., 1929 


TRANS. 

VoLuME 

AND PacE 
G29, 405 
G29, 420 
G29, 506 
G29, 514 


G29, 379, S84 


= Sa ee 
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INDEX 


This consolidated index covers all publications of the Institute for the year 1929. F 


Volume numbers are printed in bold face type, and have the following significance: 
C29 = Transactions, [Ron AND SteEt Division, 1929 
E29 = Transactions, Instrrure or Meraus Driviston, 1929 


G28-29 = 


TRANSACTIONS, PETROLEUM DEVELOPMENT AND TECHNOLOGY, 1928-29 
L29 = GuopuysicaL Prospsctine, 1929 


T29 = Transactions, volume in which this index is printed 


M29 = Minine anp Meratiurey, 1929 


Technical Publications that have not been printed in a volume are indicated by the 
letters T.P. followed by the publication number. 
_ For convenience of those who may not have all the volumes named, but may 
have the separate T’echnical Publications, the T.P. numbers have been rhe after the 
titles of papers that have been issued in separate form. 

The names of authors of papers and discussions, and of men referred to, are printed 


in small capitals. Titles of papers and articles are in italics. 


Ed. indicates an 


editorial; B.R., a book review; Abs., an abstract. 


A 


Aporn, R. H.: Discussion on Pure Iron and 
Allotropic Transformations, C29, 342 

Absorbability of Gases in Casting Copper and 
Effect of Adding Cuprosilicon (T.P. 
123—Eu1s) E29, 443; Discussion, 468 

Accident liability, personal differences in, M29, 22 

Acid Bottle Method of Subsurface Well Survey and 
its Application (GriswoLp) G28—29, 
41; Discussion, 45 

Acid-resistant alloys, E29, 149, 160, 248. Abs., 
M29, 163 

Acid-treated earths as oil-refining adsorbents, 
T29, 288. Abs., M29, 252 

Acids, corrosion by, Abs., M29, 162 

AcxprMAN, D. E.: Discussions: on Resistance 
of Copper-rich Copper-silicon-man- 
ganese Alloys to Corrosion by Acids, 
E29, 171 

on Resistance of Iron-nickel-chromium Alloys 

to Corrosion by Acids, E29, 279 

ACKERMAN, D. E. anp Piuuine, N. B.: Resistance 
of TIron-nickel-chromium Alloys to 
Corrosion by Acids (T.P. 174) E29, 
248. Abs., M29, 91 

Activation of Sphalerite for Flotation (RALSTON 
AND Hunter) T.P. 248 

Apams, W. P.: biography, M29, 435 

Adaptation of Elastic-wave Exploration to Uncon- 
solidated Structures (RimBER) L29, 654 

Aerial photographs, M29, 26 

Arretprr, W. L.: Mining Schools, M29, 164, 
347 


Africa: iron ore, reserves, C29, 25, 38 
Northern Rhodesia, copper mining and 
prospecting, M29, 189 
Aguton, R. V.: Discussion on Misfires, T.P. 257 
Air Conditioning in Deep Mines (T.P. 206— 
WaTERFILL) T29, 99; Discussion, 
112. Abs., M29, 251 
casting alloys, aluminum and mag- 
nesium, stability, E29, 333 
Air-gas lift: air as lifting medium contrasted 
with gas, G28-29, 313, 334 
conditions governing change to pump, Semi- 
nole field, G28-29, 70 
gas as lifting medium contrasted with air, 
G28-29, 313, 334 
Jamin action: description, G28-29, 138, 149, 
347 
evidence of existence, G28-29, 337 
importance, G28-29, 329, 333, 336, 340 


Aircraft: 


Air injectors in ventilation, M29, 567 


Alaska, Dall Island, mining limestone, M29, 339 

Alaska Juneau mine, stoping method, M29, 553 

Alclad 17ST, diffusion of core and coating, E29, 
555 

Aupricu, H. R.: Demonstration of the Reflection 
of Geologic Conditions in Obserred 
Magnetic Intensity, L29, 385 

ALEXANDER, J.: Discussions: on Physical Chemis- 
try of Steelmaking, C29, 240, 251 


on Pure Iron and Allotropic Transformations, 


C29, 344 
Allen, A.: Trend in Coal Preparation, M29, 330 
Allen salt dome, torsion balance survey, L29, 446 
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usion of pure aluminum and alloy, 
655 a; 

films, stripping from surface, E29, 13 

num and its alloys, M29, 27 

inum alloys: stability of casting alloys, E29, 
* 333 


4 _ Aluminum-magnesium alloys: equilibrium rela- 
ad 


tions in alloys of high purity, E29, 
351. Abs., M29, 160 


review of work on constitution of system, | 


-E29, 351 
Ampross, A. W., Letter of Transmittal, Petroleum 
Development and Technology, 1928— 
29, G28-29, 5 
Discussion on Underground Surveys, G28—-29, 
47, 49 
American Cyanamid Co. consolidates with the 
Selden Co., M29, 401 
American Engineers in Russia, M29, 551 (Ed.) 
American Institute of Mining and Metallurgical 
Engineers: 
annual business meeting, M29, 149 
Board of Directors: last meeting of 1928, 
M29, 80 
officers, 1929, M29, 118, 119, 120 
publication problem, M29, 288 
Bradley, F. W., president, M29, 118 
By-Laws, T29, 52 ‘ 
amendment, M29, 5, 79, 535 
Certificate of Incorporation, T29, 50 
Committees: Admissions, successor to Mem- 
bership, T29, 38 
chairmen appointed by Board, M29, 211 
Geophysical Prospecting, technical 
sessions, M29, 153, 320 
Ground Movement and _ Subsidence, 
technical session, M29, 124 
Membership: change of name of com- 
mittee, T29, 37 
Membership: functions, T29, 37 
Milling Methods, technical sessions, 


M29, 133 

Mine Ventilation, technical session, 
M29, 129 

Mining Geology, technical session, 
M239, 126 

Mining Methods, technical session, 
M29, 128 

Nominating Committee appointed, M29, 
270, 379 

Non-ferrous Metallurgy, technical ses- 
sion, M29, 136 

Non-metallic Minerals, technical session, 
M29, 134 


personnel, T29, 11 
Reports. See Reports, below. 
Constitution and By-laws, T29, 52 


Iron and Steel: annual meeti1 
137 — 
Alloy Steels committee, Ma 
f 540 t 
Journal Committee, M29, 482. 
Nominations, M29, 508 — ae 
officers and committees, C29, 4 — 
open-hearth conference at Chicag 
M29, 578 
organized, T29, 34 — 
officers, T29, 13 
Petroleum: annual meeting, M29, 157 


fall meeting, Tulsa and Los Angeles, F 


- M29, 385 
Mid-Continent. Section diseaod 
papers presented at annual 
meeting, M29, 206 - 
plans for 1929, M29, 253; G28—29, 6 
dues for year 1930, M29, 574 
financial condition, M29, 483 
insignia of the Institute, M29, 371 
Institute closes year with credit balance, 
M29, 29 
Institute members honored, M29, 566 
Lake Superior Mining Institute joint 
meeting, M29, 483 i 
Legion of Honor, A. I. M. F., M29, 148, 574 
insignia presentation, M29, 440 (Ed.) 
List of Members, with Transactions volume, 
-T29,3 
Local Sections: delegates consider problems, 
M29, 115 
executive committees, T29, 22 
Meetings: Arizona, subject: officers, 
M29, 216 
Arizona, testimonial dinner to L. D. 
Ricketts, M29, 304 
Boston, subject: election of Bin anita, M29, 
216 
subject: fused quartz, M29, 38 
Butte Section entertains, M29, 543 
California Section at Sequoia Park, 
M29, 398 
Chicago, subject: annual fall field 
day, M29, 38 
subject: dams, M29, 544 
election of officers, M29, 169 
entertains F. W. Bradley, M29, 303 
subject: geology, M29, 217 
joint meeting, M29, 300 
steel industry, M29, 38 
ladies entertain, M29, 38 
subject: steelmaking, M29, 585 


Colorado greets F. W. Bradley, M29, 


351 
Columbia, annual meeting, M29, 99 
subject: Alaska Juneau, M29, 351 


4 
a 


M29,38 


Mid-Continent, aubicees election of offi- 


cers, M29, 169 
Minnesota: annual meeting, M29, 414 
Montana entertains, M29, 409 
Nevada, subject: cyaniding difficult 
ores, M29, 170 
subject: tungsten, M29, 97 
New York: entertains F. W. Bradley, 
M29, 44 
subject: alloy steels, M29, 100 
Secretary Bain’s trip to Colombia, M29, 


353 
North Pacific, subject: annual meeting, 
M29, 217 
ceramic materials and products, 
M29, 43 


registration of engineers, M29, 97 
subject: carbonization, M29, 585 
Ohio, subject: corrosion, M29, 204 
subject: stabilization, M29, 169 
Oregon, subject: election of officers, 
M29, 169 
Pittsburgh, reception to F. W. Bradley, 
M29, 299 
subject: Legion of Honor of the 
A. I. M. E., M29, 584 
San Francisco, subject: election of 
officers, M29, 98 
entertains F. W. Bradley, M29, 
42, 216 
joint meeting, annual, M29, 218 
subject: mine taxation, M29, 302 
subject: mineral resources and 
public welfare, M29, 100 
subject: status of geophysical 
prospecting, M29, 171 


subject: engineering education, 
M29, 583 

Seattle, subject: mining limestone, 
M29, 303 


subject: zinc ores, M29, 351 
Southern California, joint meeting, 
M29, 39, 101 
subject: oil well surveying, M29, 40 
election of officers, M29, 299 
Utah, dinner in honor of President 
Bradley, M29, 396 
Rocky Mt. Institute meets with, 
M29, 220 
subject: ore-finding, M29, 544 
subject: problems of mining, M29, 
98 
subject: South America, M29, 39 
summer outing, M29, 452 
with Junior sections, M29, 260 
subject: mining, M29, 585 
Washington, annual oyster roast, M29, 
210 
subject: election of officers, M29, 41 
subject: iron ores of Normandy, 
M29, 170 


ay _ guest of fasta Ma9, 4 4 

Madale: 729, 27 

James Douglas medal committee, M29, 
343 


James Douglas — ‘medal given P. D._ 


Merica, M29, 75, 583 
John Fritz medal presented to Herbert 
Hoover, M29, 245 


Robert W. Hunt medal awarded Edgar 


C. Bain, M29, 76 
awarded to James Aston, C29, 5 
William Lawrence Saunders, committee, 
M29, 343 
medal given John Hays Hammond, 
M29, 25, 74, 151 
Meetings: Cleveland, Sept. 1929, M29, 380, 
478 
former, T29, 32 
F New York, Feb., 1929, program, etc., 
M29, 24, 28, 67, 116, 151 
Regional, Spokane, Oct., 1929, M329, 
383, 442, 501 
San Francisco, fall meeting, 1929, eee 
384, 410, 444, 496 
Tulsa, and Los Angeles, 1929, M29, 
385, 411, 444, 504 
Membership: Junior Associate grade replaced 
by Junior Member and Student 
Associate, T29, 36; M29, 371 
Junior members, M29, 574 
Mudd, Seeley W., memorial fund, M29, 
404, 484 
Necrology, 1928, T29, 48 
Nominations, 1930, M29, 536 


officers and directors, C29, 4; E29, 5; G28-29, 


8; L29, 7; T29, 7 
Next Year’s Officers, M29, 270 (Ed.) 
officers, past, T29, 8 
Petroleum economics, technical session, 
M29, 203, 525 
prizes, T29, 27 
Production Control 
141, 193 
Publication problem, M29, 32, 405 (Ed.) 
Publications: Geophysical Prospecting Vol- 
ume, M29, 28, 79 
Transactions, binding, T29, 3 
Transactions, new policy, M29, 29, 343 
Transactions, Institute of Metals Divi- 
sion, 1929, M29, 311 (Ed.), 344, 
379 
Transaction, Iron and Steel volume, 
1929, M29, 574 
Transactions, Petroleum Development 
and Technology, 1928-29, M29, 
270 (Ed.), 289, 342 
Transactions program, M29, 313 (Hd.) 
Transactions, Vol. 76, M29, 28 


Symposium, M29, 


Publications and Their Use, M29, 405 (Ed.) 


Publications to be issued during 1930, M29, 
574 
Railroad fare certificate, M29, 25, 72 


i 


Ses nad Pabiieations Com m 
‘ T29, 40 
Secretary, T29, 34 | 
Treasurer, T29, 44 ; 
representatives on committees and boards 
of award, T29, 21 
1928 (Review), M29, 2 (Ed.) 
Rocky Mountain Club merged with Insti- 
tute, T29, 34, 38 
student societies, officers, etc., T29, 25 
Suggestions to Institute authors, M29, 387_ 
Woman’s Auxiliary, annual meeting, M29, 
122 
educational work, M29, 344 
history, M29, 512 
honorary president, Mrs. Hoover, M29, 
212 
library work, M29, 369 
nomination of officers, M29, 30 
American Rheolaveur affiliates with Koppers 
Co., M29, 107 
A. §. T. M. Tentative Standards, 1929, M29, 
Dee. (16) (B. R.) 


Analyses of Waters of the Salt Creek Field Applied 


to Underground Problems (T.P. 157— 
Ross AND SwEDENBORG) G28-29, 
207 

Analytic Mechanics, M29, 266 (B.R.) 

Analytical Principles of the Production of Oil, 
Gas, and Water from Wells, M29, 
357 (B.R.) 

Analytical Principles of the Spacing of Oil and 
Gas Wells (PHeups) G28-29, 90; 
Discussion, 102 

Anchors. See Nitroglycerin. 

Anderson, pioneer in seismic prospecting, L29, 
573 

Anperson, A.: Underground Surveys of Oil Wells, 
G28-29, 30 

Anperson, HE. A.: Effect of Alloying on the Per- 
missible Fiber Stress in Corrugated 
Zinc Roofing, T.P. 232. Abs., M29, 
389 

Discussion on Stability of Aluminum and 
Magnesium Casting Alloys, E29, 350 

AnpERsOoN, BE. A. AND Prtrcn, W. M.: Some 
Practical Aspects of Creep in Zine 
(T.P. 203) E29, 560. Abs., M29, 162 

Anpprson, L. D.: Handling of Fine Ores and 
Concentrates in Salt Lake Valley 
Lead Smelters (T.P. 223) T29, 179; 
Discussion, 191 

Andes Copper Mining Co.: Potrerillos mine, 
geology, T29, 145, 164 

history, T29, 144 
mining methods, T29, 144 
underground construction, T29, 144 
Angle of draw, M29, 132 
Anomalies: geologic, defined, L29, 434 
magnetic, distribution, L29, 370 
types, L29, 377 


‘Applications de. L’ El aux 


Sept. (18) (B.R.) 
Arabia, Yemen, engineering expe 
Arcuer, R. §.: Discussion on Sta 
minum and Magnesium 
, Alloys, E29, 347 { 
Argentina, petroleum production: during 1928, -% 
G28-29, 472, 509 
1926-28, G28-29, 473 
ARMSTRONG, P. A. E.: Hollow Drill Steel, M29, 
165 : 
Discussion on Metallic Electrodes for Cast- 
iron Arc Welding, C29, 158 ; 
ARNOLD, B. J.: Aims of the Engineer, M29, 366 
ARNOLD, C. E.: Discussion on Mine Development 
and Construction of Andes Copper 
Mining Co. at Potrerillos, Chile, 
T29, 164, 165, 166 ’ 
ARNOLD R.: Montana’s Oil Industry for 1928, 
G28-29, 461 
Arsenic: effect on dispersion-hardenable lead- 
antimony alloys, E29, 573. Abs., 
M29, 94 
Asia: iron ore, reserves, C29, 26 
Aston, J.: New Development in Wrought Iron q 
Manufacture (T.P. 228) C29, 166; 
» Discussion, 176, 177, 178. Abs., 
M29, 389 J 
recipient of Hunt medal, C29, 5 ) 
AtcHmrRsON, R. W. H.: Discussion on Physical . 
Chemistry of Steelmaking, C29, 241 i 
Austin, L. S.: Smelting and Labor at a Mexican 
Copper Mine, M29, 286 
biography, M29, 580 
Australia: high-zine slags, lead smelters, T29, 
203. Abs., M29, 345 
iron ore, reserves, C29, 27 
Austria (see also Europe): graphical analysis of tor- 
sion balance observations, Lanzendorf 
dome, L29, 502 
Ayrns, W. S.: Some Stirring Experiences, M29, 
568 


B 


Babbitt metal, tin-base, recovery of scrap in — 
manufacturing plant, T.P. 236 
Background for the Application of Geomagnetics 
to Exploration (T.P. 150—Srnarn) 
L29, 315; Discussion, 342 
Back-pressure (See also Pressure Control, etc.): 
benefit depends on cooperation, G28- 
29, 203, 206 
control of flowing wells, G28-29, 196 
place of flow bean, G28-29, 199, 204 
Back-pressure Control of Flowing Wells (M1LuER) 
G28-29, 196; Discussion, 204 
Barn, E. C.: Hunt gold medal awarded, M29, 76 
Discussion on Gamma-alpha Transformation 
in Pure Iron, C29, 365 ; 


cones fault zone, petrol le’ elopment in 


1928, G28-29, 427 


5 Bau, S. H.: Historical Notes on Bikmond Mining 


in Minas Geraes, Brazil, M29, 282 


Bamberg balance. See Eétvés Torsion Balance. 


Banks, L. M. anp Jounson, G. A.: Differential 
Grinding Applied to Tailing Retreat- 
ment, T.P. 217. Abs., M29, 295 

analysis, Central District, Missouri, 
T29, 276 

deposits, Missouri, T29, 256 
marketing, Missouri, 276 
milling methods, Missouri, T29, 271 
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M29, 93 
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164 ° 
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acids, E29, 248. Abs., M29, 91 
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M29, 161 
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tin pest, E29, 114 
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E29, 280. Abs., M29, 160 
weathering tests in various parts of United 
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243. Abs., M29, 432 

single, orientation determination by high- 
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Cyanidation, effect of copper and zinc with 
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Cyanide Regeneration or Recovery as Practiced 
by the Compania Beneficiadora de 
Pachuca, Mexico (LAwr) T.P. 208. 
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T29, 65; Discussion, 93 

Czechoslovakia: petroleum production 1926-28, 
G28-29, 473 


D 


Datpey, G. E.: Discussion on Incipient Shrinkage 
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Laboratory Corrosion Tests with Serv- 
ce: Weather-erposure Tests of Sheet 
Duralumin, £29724) .: 


veg 
\ 


a 


; 


4 
er wee 


eC ee ee en 


—— 


Se ea ee a ae en ee 


re Bes Dee payee ee Daas: 
formation in Pure Iron, C29, 366 


4 by Dover, J. F.: Discussions: on Measurements of 


- 


Original Pressure, Temperature and 
Gas-oil Ratio in Ou Sands, G28-29, 
134 
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16 
weight indicator not a substitute for 
control, G28—29, 11 
weight indicators, use and 
G28-29, 23 
possible use of Diesel engines, G28-29, 26 
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self-potential method, L29, 14, 27, 31 
surface potential method, L29, 15 
two groups, L29,48 _ 
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Engineering Societies, Four National, 


papers: iscuscedib by re Is M. EB ranean ‘ 


M29, 240 


what an operating company expects of the 


college graduate, M29, 239 
what the college expects of companies 
training its graduates, M29, 234, 237 
Engineering education technical session, M29, 119 
Engineering extension service, M29, 379 


Engineering geology, relation to highway con- — 


struction in Illinois, M29, 210 
Engineering Index Service, M29, 233 _ 
Engineering Societies Employment Bureau dis- 

cussed, M29, 261 
annual 

meeting, M29, 259 

joint activities, T29, 30 
Engineering Societies Library, statistics, M29, 250 
Engineering standards for society, M29, 113 
Engineers, fellowship of, M29, 569 
Engineers in American life, M29, 552 
England: blast-furnace practice, M29, 287 

iron ore, reserves, C29, 22 
English and Science, M29, 357 (B.R.) 
English-Russian Mining and Metallurgical Glos- 

sary, M29, 308 (B.R.) 

Entry-driving by use of conveyor, M29, 367 
E6tvés torsion balance: Bamberg type, computa- 
tion of cartographic correction, L29, 

555 

bibliography, L29, 466, 545 
construction and usefulness, L29, 12 
future developments, L29, 542 
future in prospecting, L29, 460, 472 
imported in 1922, L29, 475 
Suess type, computation of cartographic 
correction, L29, 555 
usefulness in pure science, L29, 465 
working system, L29, 422 
Eétvés Torsion Balance Method of Mapping 

Geologic Structure (T.P. 50—Barron) 

L29, 416; Discussion, 467 
Eétvés torsion balance method of mapping 

geologic structures: accuracy of results, 

541 

acreage covered, L29, 479 

calculations in interpretation of observations, 
L29, 480 

cartographic correction, computation, L29, 
544 

combination with other instrument desirable, 

L29, 464, 471 

computation of observations, 

subject, L29, 505 

cost of survey, L29, 476, 479 
differential curvature: calculation, L29, 429, 
481 
definition, L29, 420 
measurement, L29, 423 
delimiting a salt dome, L29, 444, 448 
effects on observations, classification, L29, 
505 
elements measured by, L29, 420 


survey of 


Eétvos torsion balance method of mapping wale : 


gic structures: fault mapping, L29, 
436, 450 
geologic anomalies, effect, L29, 434 
gradient, calculation, L29, 429, 481 
definition, L29, 420 
measurement, L29, 426 
interpretation of observations, L29, 436, 472, 
475, 559. 
calculations, L29, 480 
computation, survey of subject, L29, 505 
qualifications of interpreter, L29, 462 
location of minerals, L29, 531 
mapping certain Quaternary sediments 
+ underlain by Tertiary and Cretaceous, 
L29, 468 
oil prospecting, possibilities and limitations, 
L29, 461 
planetary effect, L29, 433 
results affected by position = instrument, 
L29, 468 
technique, L29, 472 
terrain correction, advantages of separation 
from cartographic correction, L29, 
545 
topographic correction, principle, L29, 544 
topographic effect, L29, 431 
unit of measurement, L29, 421, 545 
surveys, cost, L29, 476, 479 
Crosby County structure, 
L29, 467 
failures, reason for, L29, 448, 471 
granite ridge, buried, L29, 453 
Great Britain, L29, 530 
Lanzendorf dome, graphical analysis, L29, 502 
Mexico, L29, 460 
Mid-Continent field, L29, 452 
Mississippi Valley, L29, 468 
oil-field work, L29, 456, 467 
salt dome, Gulf Coast, L29, 444 
Hoskins mound, delimiting, L29, 448 
salt dome discoveries, L29, 470 
Tri-State zinc and lead district, L29, 561 
Epster, S.: Discussion on Experimental Data on 
the Equilibrium of the System Iron 
Oxide-carbon in Molten Iron, C29, 
316, 319 
Equilibrium Relations in Aluwminum-magnesium 
Alloys of High Purity (T.P. 187—Dix 
AND | Keiser) E29, 351; Discussion, 
366. Abs., M29, 160 
Equipotential curves. See Potential Methods. 
Equipotential surface, definition, L29, 417 
Ers, J. T.: Petroleum Production in Dutch East 
Indies and Sarawak (West Borneo) in 
1928, G28—29, 514 
Estrasrook, E. L.: 


interpretation, 


Discussions: on Back-pressure 
Control of Flowing Wells, G28-29, 205 
on Petroleum Development in 
during 1928, G28-29, 488 
on Petroleum Engineering Education, G28-29, 
576, 588, 589 
Etching cupronickel, bronze, brass and steel, by 
hand methods, E29, 291 


Venezuela 


for gold aad silver alloys, E29, 403, 405 ea 
Errieer, I. A.: Discussion on Mine Develop- 
ment and Underground Construction 
of Andes Copper Mining Co. at 
Potrerillos, Chile, T29, 165 
Ev, S. H.: biography, M29, 95 
Europe; iron ore, reserves, C29, 22 
production of metals, review, T29, 68 ; 
Eutectic Composition of Copper and Tin (Hrers 
AND DB Forest) T.P. 241 
Evans, G. W.: Discussion on Bumps in No. 2 
Mine, Springhill, Nova Scotia, T.P.245 — 
Evans, U. R.: Passivity of Metals and Its Relation 
to Problems of Corrosion (T.P. 205) 
E29, 7. Abs., M29, 251 
Discussions: on Corrosion of Tin and Its 
Alloys, E29, 146 
on Resistance of Iron-nickel-chromium 
Alloys to Corrosion by Acids, E29, 278 
photograph, E29, 6 
Experimental Data on the Equilibrium of the 
System Iron Oxide-carbon in Molten 
Iron (T.P. 230—Kinzet and Eean) 
C29, 304: Discussion, 311. Abs., 
M29, 390 
Experiments with Flotation Reagents (TAGGART, _ 
TaytLor anp Ince) T.P. 204. Abs., 
M239, 161 
Experiments with Edtvés Torsion Balance in the 
Tri-State Zine and Lead District 
(T.P.65—Gerorce) L29, 561; Discus- 
ston, 569 
Explosives (See also Dynamite, Nitroglycerin, 
Shooting, etc.): relative size of shot 
hole, G28—29, 306 
safety in using, M29, 582 
use in oil and gas industry, G28—29, 240 
Extension of Oreshoots with Comments on the Art 
of Ore Finding (T.P. 164—Scumirt) 
T29, 318 
Eyer, C. M.: Mining Reminiscences in the Philip- 
pines, M29, 77 
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Fabricating metals, advances, M29, 159 
Facing metals, T.P. 256 
Falconbridge. See Sudbury. 
Fan testing, pressure measurements, M29, 326 
Fannett salt dome, torsion balance survey, L29, 
446 
Farisu, J. B.: biography, M29, 580 
Farmer, E.: Personal Differences in Accident 
Liability (Summary) M29, 22 
water-bearing, detection by electrical 
prospecting, L29, 232 
Faults: mapping by electrical methods, L29, 45, 
190 
mapping by seismic method, L29, 612, 634 
mapping with torsion balance, L29, 436, 450 
rules for picking up, L29, 45 
transverse, Kennecott, Alaska, T29, 303 


Fault, 
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c mistry of 
Steelmaking, C29, 233 et seq. ‘ 
on, C. M.: biography, M29, 298 
RGUSON, H. G. anp GANNETT, R. W.: Gold- 
quartz Veins of the Alleghany District, 
California, T.P. 211. Abs., M29, 252 
| Faxausow, V.: biography, M29, 257 
_ Ferraris, E.: biography, M29, 298 
Ferrite, formation_from‘iron and zinc sulfides 
during Poastinik; T29, 215 
zine solubility, T29, 215 
Fesxoy, G. V., UREN, L. C., Gregory, P. P. anp 
Hancock, R. A.: Flow Resistance of 
Gas-oil Mixtures through — Vertical 
Pipes, T.P. 252. Abs., M29, 486 
Fessenden geophone, L29, 603 
_ Fessenden, pioneer in seismic prospecting, L29, 573 
Ferrxe, C. R.: Core Studies of the Bradford 
Sand from the Bradford Field, Pennsyl- 
vania, G28-29, 221; Discussion, 239 
Discussion on Petroleum Engineering Educa- 
tion, G28-29, 586 
Fretp, B. E.: Some New Developments in Acid- 
resistant Alloys (T.P. 191) E29, 149; 
Discussion, 159. Abs., M29, 163 
Field Observations of Electrical Resistivity and 
Their Practical Application (T.P. 129 
—K0oENIGSBERGER) L29, 221 
Fierville-la-Campagne, electrical survey, L29, 184 
Figure-eight curve, L29, 148 
Films, stripping from metallic surfaces, E29, 12 
Fink, C. G.: Discussions: on Gases Extracted from 
Tron-carbon Alloys by Vacuum Melting, 
C29, 443 
on Lead Alloys for Anodes in Electrolytic 
Production of Zine of High Purity, 
T29, 201 
on Practical Application of Corrosion Tests: 
Resistance of Nickel and Monel Metal 
to Corrosion by Milk, E29, 219 
on Resistance of Copper-rich Copper-silicon- 
manganese Alloys to Corrosion by 
Acids, E29, 173, 174 
FINKELDEY, W. H.: Discussion on Corrosion of 
Metals in the Lehigh Valley, E29, 289 
Finuay, J. S.: Operating the North Lily Mine, 
M29, 155 
Fireclay, grinding, M29, 445 
Fires, mine: relation to mine ventilation, T29, 
137, 142 
First-aid and mine-rescue contest, M29, 117 
FisHer, J.: Discussion on Larth-Resistivity 
Measurements, L29, 65, 66, 67 
FisxeEr, J., Hotcuxiss, W. O. AND Rooney, W. 
J.: Earth-resistivity Measurements in 
the Lake Superior Copper Country 
(T.P. 82), L29, 51 © 
Fisner, L. W. AND OHRENSCHALL, R. D.: Geologic 
Examination of Dam Sites in the 
Tennessee and Cumberland River 


Basins, T.P. 215 
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R Imergency Truck fo 
rescue Apparatus, M29, 573 
Flotation (See also names of metals, companies, 


etc.): crushing and grinding, M29, 558 — 


differential, study of, T.P. 195. Abs., M29 
162 
Kick’s law applied to fine grinding, M29, 447 
lime consumption in pulp, T.P. 224. Abs., 
M29, 390 
reagents. See Flotation Reagents. 
‘reducing and oxidizing agents and lime 
consumption in pulp of pyritic ores, 
T.P. 224 / 
Flotation concentrates: 
T29, 187 
lead, handling, T29, 179 
sintering, Salt Lake Valley, T29, 179 
Flotation pulps, pyritic ores, reducing and 
oxidizing agents in, T.P. 224. Abs., 


handling, mechanical, 


M29, 390 

Flotation reagents: experiments, T.P. 204. Abs., 
M29, 161 

Flotation systems, hydrogen-ion concentration, 
M29, 19 

Flow Resistance of Gas-oil Mixtures through 
Vertical Pipes (UREN, GrEGORY, 


Hancock AnD Fersxov) T.P. 252. 
Abs., M29, 486 
Fluorspar: analysis, M29, 247 
uses, M29, 425 
Fluid: laws of motion of particles, M29, 333 
Fluid level in oil wells, tube for obtaining, G28-29, 
133 
Fuynn, F. N.: Reclaiming Non-ferrous Scrap 
Metals at Manufacturing Plants, 
T.P. 233. Abs., M29, 431 
Focu, F.: resolution, M29, 249 
Forsus, W. H.: Misfires in Bituminous Coal 
Mines, T.P. 257 (with discussion) 
Foreign Iron Ores (Hart) C29, 7; Discussion, 36 
Forkum, C. 8.: Discussion on Effect of Barium 
Oxide on the Desulfurizing Power of 
Blast-furnace Slags, C29, 142 
Formation of Insoluble Zinc Compounds during 
Roasting (T.P. 220—HanueEy, Cuay- 
TON AND WALSH) T29, 215; Discussion, 
227 
Foss, F. F. Discussion on Foreign Iron Ores, 
C29, 36 
Foucar, E. L.: biography, M29, 167 
Foundation problems, study by electrical pros- 
pecting methods, L29, 199 
Fox oil fields, torsion, balance survey, L29, 456 
France (See also Europe): Alsace, salt domes 
discovered by electrical prospecting, 
L29, 192, 211 
electrical survey, Fierville-la-Campagne, 
Normandy, L29, 184 
Landes, for lignite, summary of results, 
L29, 192 
May syncline, Normandy, L29, 186 
Meyenheim salt dome, Alsace, summary 
of results, L29, 193 
salt domes, Alsace, L29, 192, 211 
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France: iron ore, reserves, C29, bests - 
- Maltot-Fontaine Etoupefour, 
map of region, L29, 187 _ 
petroleum production 1926-28, — G28-29, 
473 
Francuor, R.: Blast-furnace Theory, TP. 170. 
Abs., M29, 90 
- Blast-furnace Theory and Progress, M29, 87 
Discussion on Physical Chemistry of Steel- 
making, C29, 252 
Francxtyn, C. G.: biography, M29, 214 
Franklinite, magnetic susceptibility, L29, 343 
oceurrence, L329, 329 
Fraser, 0. B. J.: Discussion on Practical Applica- 
tion of Corrosion Tests: Resistance 
of Nickel and Monel Metal io Corrosion 
by Milk, E29, 219 
Fraser, 0. B. J., McKay, R. J. anp SEARLE, 
H. E.: Practical Application of 
Corrosion Tests: Resistance of Nickel 
and Monel Metal to Corrosion by 
Milk (T.P. 192) E29, 175. Abs., 
M29, 161 
FREELAND, F. T.: fault rules, L29, 45 
Freeman, J. R. Jr. anp Sonaxran, H. N.: 
Endurance of Rail Steels in Service, 
M29, 539 
Freshman Engineer, M29, 440 (Ed.) 
Friept, A. J.: biography, M29, 435 
Fuel oil: conservation, factors affecting, G28-29, 
559 
consumption, recent, G28—29, 554 
definition, G28-29, 554 
effect on price of crude, G28-29, 558 
relation to coal industry, G38-29, 561 
uses, G38-29, 556 
recommendations to the industry, G28-29, 
560 
Fuel Oil, the Safety Valve of the Petroleum Industry 
(DexnGan) G28-29, 554; Discussion, 
561 
Futrer, M.L., Nrresre, C. C. anp Davey, W. P.: 
Determining Orientation of Crystals 
in Rolled Metal from X-ray Patterns 
Taken by Monochromatic Pinhole 
Method, T.P. 248. Abs., M29, 432 
Futuier, T. S.: Some Aspects of Corrosion-fatigue 
(T.P. 172) E&9, 47; Discussion, 55. 
Abs., M29, 90 
Discussion on Heat Treatment and Mechanical 
Properties of Some Copper-zine and 
Copper-tin Alloys, E29, 549 
Fuller’s earth: analyses contrasted with those of 
bentonite, T.P. 239 
as oil-refining adsorbents, T29, 288 
definition, T29, 28S 
origin, T29, 289 
some properties as oil-refining adsorbents, 
T.P. 207. Abs., M29, 252 
Futon, C. H.: What Should Colleges Expect of 
Operating Companies in Receiving 
and Training Their Graduates, M29, 
237 
Fuuron, J. A.: 
the 


A Retrospect of the Comstock and 
Salvaging of Relics, M29, 273 


Sarbey, description, C29, 305 
Furnas, C. C.; Discussion on Blast-furnace 
Filling and Size Segregation, C29, 
125 
Furnas, C. C. anp Josepx, T. Ls: Blast jis 
Filling and Size Segregation (T.P. 249) 
C29, 98. Abs., M29, 432 
Furnas, C. C. anp Kinney, S. P.: Cascais 


Contact in the Shaft of a 700-ton 


Blast Furnace, C29, 84 
Fuse: invented by Bickford in 1831, G28-29, 245 
Future of Mining Engineering, M29, 111 (Ed.) 


G 
Garngs, J. M., Jn.: Discussions: on Experimental 


Data on the Raudibrium-of the Syaleuie 


Iron Oxide-carbon in Molten Iron, 
C29, 311 
on Gases Extracted from Iron-carbon Alloys 
by Vacuum Melting, C29, 444 
on Physical Chemistry of Steelmaking, C29, 
252, 257 
Garnus, J. M. Jn. anp Hurry, C. H. Jn.: Unre- 
duced Oxides in Pig Iron and Their 
Elimination in the Basic Open-hearth 
Furnace (T.P. 165) C29, 179. Abs., 
M29, 92 
Galena, electrical resistivity, L29, 106 
Galitzin type of seismograph, L29, 649 
Gatioway, A. D. R.: biography, M29, 215 
Gamma-alpha Transformation in Pure Iron 


(T.P. 169—SavuvEeuR AnD CxHOov) 
C29, 350; Discussion, 361. Abs., 
M29, 93 


Gann, J. A.: Treatment and Structure of Magne- 
sium Alloys, E29, 309 
Discussion on Stability of Aluminum and 
Magnesium Casting Alloys, E29,.350 
Gannett, R. W. anp Frereuson, H. G.: Gold- 
quariz Veins of the Alleghany District, 
California, T.P. 211. Abs., M29, 
252 
Garrias, V. R.: World Petroleum Production 
tn 1928, G28-29, 471 
Discussion on Persia and Iraq, 
513 
Garrias, V. R. anp WuertsEt, R. V.: Mexican 
Oil Fields during 1928, G28-29, 489 
Garrison, F, L.: Discussion on Cycles in Metal 
Production, T29, 93 
Gas Air-Lijt Pocket Book, M29, Nov. (18) (B.R.) 
Gas, natural: developments in United States in 
1928, G28-29, 384 
high-pressure pipe lines, design, G28-29, 
598 
solubility in oil vs. that of nitrogen, G28-29, 
316, 331, 335 
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study with Hgkevastum induction 
furnace, C29, 428 
__- mine: in sulfide mine, United Verde, T29, 118 


7 Gases Extracted from TIron-carbon Alloys by 


VacuumMelting (T.P. 168—Z1nGiER) 

C29, 428; Discussion, 440 

Gases in a Sample of Overpoled Fire-refined Copper 
(T.P. 158—Extts) E29, 470; Discus- 
sion, 474 

Gas-lift (See also Air-gas Lift, Pressure Control, 


etc.): as pressure control method, 
G28-29, 108 

intermittent injection of gas, method, 
G28-29, 151 


Seminole field, G28—29, 161 
vs. continuous injection, G28-29, 156 
vs. natural-flow, experiments and apparatus, 
G28-29, 362 
Gas-oil mixtures, flow resistance through vertical 
pipes, T.P. 252. Abs., M29, 486 
Gas-oil ratio: by-passing vs. slippage, G28-29, 
340 
control, methods, G28—29, 183 
effect of back-pressure control, G28—29, 197 
measurement in oil sands, G28-29, 119 
negative, G28-29, 194 
Gas wells: spacing, analytical principles, G28-29, 
90 
Gasoline: consumption, recent, G28—29, 554 
future, G28—29, 552 
eracking process, value, G28—29, 544 
demand indicates demand for other petro- 
leum products, G28—29, 551 
economic aspects, G28-29, 541 
economic importance, G28-29, 541 
exports from Venezuela to United States, 
G28-29, 483, 485 
price variations, G28—29, 548 
prices, 1920-29, G28-29, 569 
production in California, 
444 
refinery operation, control, G28-29, 541 
supply and demand, 1924-28, G28-29, 545 
Gasoline Economics and Refinery Operation 
(StruTH) G28-29, 541; Discussion, 
552 
Gas pipe lines. See Pipe Lines. 
Gas-solid Contact in the Shaft of a 700-ton Blast 
Furnace (KinnrY AND FvURNAS) 
C29, 84; Discussion, M29, 138 
Gas wells. See Oil Wells. 
Gaupin, A. M.: Influence of Hydrogen-ion 
Concentration on Recovery in Simple 
Flotation Systems, M29, 19 
Gaupin, A. M., Gross, J. AND ZIMMERLEY, 
S. R.: The So-called Kick Law Applied 
to Fine Grinding, M29, 447 
Gartorp, E. G.: Discussion on Petroleum Engi- 
neering Education, G28-29, 582, 585 


1928, G28-29, 


methods of restaneiin 29, 16 


Geologic Examination of Dam Sites in the Tennessee 
and Cumberland River Basins (F1sHnR 


AND OHBRENSCHALL) T.P. 215 
Geology: case method of teaching, G28-29, 590 


Geology and Engineering for Dams and Reservoirs 
Abs., M29, _ un 


(Symposium) T.P.-215. 
345 
Geology of Dam Sites (WENTWORTH) ie 215 
(with discussion) 
Geology of Dams and Reservoirs (GLENN) T.P. 215 
Geomagnetics: application, L29, 339 
background for application to exploration, 
L29, 315 
geological phase, L29, 326 
geometric factor, L29, 334 
instruments, L29, 341 
need for better data on constants, L29, 342 
physical phase, L29, 316 
susceptibilities of elements, L29, 318 
susceptibility of minerals, L29, 343 
terrestrial phase, L29, 321 
Geophone. See Seismographs. 
Geophysical Exploration for Ores (T.P. 45— 
Mason) L29, 9; Discussion, 37 
Geophysical methods of prospecting, committee 
personnel, L29, 7 
Geophysical prospecting (See also Electrical, 


Electromagnetic, Edétvés, Geomag- 
netics, Geophysics, Magnetic, Seis- 
mic, etc.): 


applicability to coal prospecting, L29, 39 

basic ways in which physics gathers infor- 
mation, L29,19 ~ 

combination of instruments desirable, L29, 
37, 464, 471 

cost of surveys, L29, 34, 42, 476 

cross check by use of two methods, L29, 


37, 464, 471 

depth to which ores may be detected, L29, 
29, 38 

differential curvature. See Hétvés Torsion 
Balance. 


difficulties, L29, 39 

disadvantages, L29, 42 

early development in Sweden, L29, 40 

economic aspects, L29, 32 

equipment, types, L29, 18 

exploration in producing mines, L29, 36, 37 

failures, L29, 35, 448, 471 

future, L29, 42 

geologist’s aid, L29, 18 

gradient. See Edtvés Torsion Balance. 

gravitational anomalies, interpretation, T. P. 
178. Abs., M29, 161 

gravity, definition, L29, 416 

horizontal surface, definition, L29, 417 

interpretation difficulties, L29, 10, 31 

interpretation of gravitational anomalies, 
T.P. 178 

level surface, definition, L29, 417 
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Geophysical prospecting: measurement, radio- 


active atmospherical method, T.P. 200. — 


Abs., M29, 160 
methods, discussion of, M29, 320 
electrical, L29, 51-237 
gravity, L29, 416-571 
magnetic, L29, 238-415 
seismic, L29, 572-667 
survey of subject, L29, 9 
most effective when combined with geologic 
observation, L29, 570 
oil structures reported on Gulf Coast during 
1928, G28—29, 450 
practical rule, L29, 31 
progress, M29, 153 
promise, L29, 36 
radioactive atmospherical method of meas- 
urement, T.P. 200. Abs., M29, 160 
surveys, types, L29, 18 
value, L29, 44 
vertical direction, definition, L29, 416 
Geophysics: place in petroleum engineering 
curriculum, G28-29, 587 


Geophysics and the Mining Engineer (T.P. 
135—Roagnrs) L329, 44 
George, H. C.: Discussions: on Petroleum 


Engineering Education, G28-29, 577, 
588, 589 
on Relative Propulsive Efficiencies of Air 
and Natural Gas in Pressure Drive 
Operations and on Oil Recovery 
Investigations of the Petroleum Experi- 
ment Station of the U. S. Bureau of 
Mines, G28-29, 335 
GroraceE, P, W.: Experiments with Eétvés Torsion 
Balance in the Tri-State Zine and 
Lead District (T.P. 65) L29, 561; 
Discussion, 571 
Georgia (U. S. A.), barite production, 1915-27, 
T29, 258 
Germany (See also Europe): 
iron ore, reserves, C29, 22 
petroleum production 1926-28, G28-29, 473 
Giutert, H. W.: The Battelle Memorial Institute, 
M29, 472 
Discussions: on Experimental Data on the 
Equilibrium of the System Tron 
Oxide-carbon in Molten Iron, C29, 314 
on Gases Extracted from Iron-carbon 
Alloys by Vacuum Melting, C29, 442 
on Pure Iron and Allotropic Transforma- 
tions, C29, 334 
Gilman electric automatic heat-treating machine, 
M29, 108 
Girarp, F. J.: Money for Mines, M29, 35 
Glacial sediments, magnetic effect, L29, 381 
JLAESER, O. A: Ventilation at the United Verde 


Mine (T.P. 199) T29, 114, Abs., 
M239, 161 

Gurnn, L. C.: Geology of Dams and Reservoirs, 
T.P. 215 


Gold: gold-quartz veins of the Alleghany dis- 
trict, California, T.P. 211. Abs., 
M29, 252 
reserves, United States, M29, 73 


Gold alloys: age-hardening phen ra 
384 


vr , 
copper auride, evidence of existence, E29, 
405 ‘ 
etching reagent, E29, 403, 405 
high-strength, for jewelry, 
and properties, E29, 384 
Gold-copper alloys: evidence of existence of 
Au Cu, E29, 405 
Gold mining, lowest cost, M29, 582 
Gold placer deposits, Colorado, magnetometric 
investigation, L29, 364 


requirements 


Gold-quartz Veins of the Alleghany District, - 


California (FERGUSON AND GANNETT) 
T.P. 211. Abs., M29, 252 

Gold-silver ores, cyanidation, effect of zine in 
solution, T.P. 250 

cyanidation of ores containing less than 

0.5 per cent. of cyanide-soluble 
copper, T.P. 250 

Goopateg, C. W.: biography, M29, 258 

resolution, M29, 249 

Goodwin process acquired by the Dorr Co., M29, 
309 

Govuup, M. D. anp Tuomas, J. E.: The Market 
Price of Oil Securities, G28—29, 565 

Government ownership: effect on production 
of metals, T29, 87, 97 

Government Potash Exploration in Texas and 
New Mexico (T.P. 212—MansrieLp 
AND Lana) 1T29, 241; Discussion, 
255. Abs., M29, 252 

Gradient. See Eétvés Torsion Balance. 
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- Nickel: corrosion. See Corrosion of metals. 
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Nickel and Its Alloys, M29, 183, 254 
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deterioration, G28—-29, 243, 255 
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thawing, G28-29, 286 — 
time bombs, G28-29, 274 
transportation, G28—29, 254 
transportation laws, G28-29, 258 
use in oil and gas industry, G28-29, 240 
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Noup, H. E.: Clay Mining for Quality (T.P. 194) 
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Occurrence of Bentonite in Southern Arkansas 
(BRANNER) T.P. 239 
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during 1928, G28—29, 488 
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G28-29, 465 
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Oil: fuel. See Fuel Oil. 
lubricating. See Lubricating Oil. 
mechanics of fluid movement in oil pools, 
G28-29, 343 
pipe-line flow under natural-flow and gas- 
lift production, G28-29, 362 
rotary drilling problems, G28-29, 9 
Oil Developments in Colombia in 1928 (Duct) 
G28-29, 498 
Oil Development in Peru in 1928 (McQuEEN) 
G28—29, 506 
Oil Demand, Supply and Price in 1928 (OsBorN) 
G28-29, 531 
Oil-field equipment, corrosion, M29, 278 
Oil-field waters: Salt Creek field, analyses applied 
to underground problems, G28—29, 
207 
Oil-gas mixtures. See Gas-oil. 
Oil pipe lines. See Pipe Lines. 
Oil pools: classification of reservoir systems, 
G28-29, 353 
effect on producing wells of shutting in offset 
wells, G28—29, 162 
mechanics of fluid movement, G28-29, 343 
unit operation in relation to spacing of wells, 
G28—29, 102 
Oil production. See Production of Oil. 
Oil Production and Development in Oklahoma in 
1928 (HtnpzEs) G28-29, 386 
Oil Production in the Permian Basin, West Texas 
and New Mexico (DENISON) G28-29, 
405 
Oil prospecting (See also Salt Domes): electric 
methods, L29, 192 
torsion balance possibilities and limitations, 
L29, 452, 461 
torsion balance survey, Oklahoma, L29, 456 
Oil Recovery Investigations of the Petroleum 
Experiment Station of the U.S. Bureau 
of Mines (T.P. 144—Mzuuts, CHat- 
MERS AND DwsmMonp) 334; Discussion, 
G28-29, 335 
Oil-refining adsorbents: fuller’s earth and acid- 
treated earths, some properties, T29, 
288 
Oil sands: by-passing vs. slippage, G28-29, 339 
core studies, Bradford field, G28-29, 221 
gas migration, prevention, G28—29, 175, 180 
gas-oil ratio: control, G28—29, 183 
effect of back-pressure control, G28—29, 
197 
negative, G28-29, 194 
Jamin action: description, G28-29, 138, 149, 
347 
evidence of existence, G28-29, 337 
importance, G28-29, 329, 333, 336, 340 
measurement of gas energy, G28-29, 119 
repressuring during early stages of develop- 
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Oil securities: compared with copper securities, 
G28-29, 573 
market price, fluctuations, G28-29, 565 
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fires, M29, 83 
flowing, principles, 
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tion, G28-—29, 104 
methods, G28-29, 104 
pumping deep wells: California, 28-29, 75 
Mid-Continent, problems, G28-29, 87 
Seminole field, Oklahoma, G28—29, 50 
shooting. See Shooting. 
sources of expulsive pressure, G28—-29, 359 
spacing: analytical principles, G28—-29, 90 
in relation to unit operation of pools, 
G28-29, 102 
surveys underground, Anderson method, 
G28-29, 30 
tube for obtaining fluid level, G28—-29, 133 
underground surveys, acid bottle method, 
G28-29, 41 
use and benefit of explosives, G28-29, 240 
Oklahoma (See also Seminole): conservation ~ 
commission, petroleum, G28—29, 390 
production of oil in 1928, G28-29, 379, 386 
rotary drilling, study of four wells, G28-29, 
16 
shooting gas wells, Poteau field, G28—29, 305 
shooting oil wells, Papoose field, G28-29, 302 
torsion balance survey, Fox oil fields, L29, 
456 : 
use of nitroglycerin in certain oil wells, 
G28-29, 240 
Otcort, E. E.: biography, M29, 350 
resolution, M29, 342 
Open-hearth Conference, Chicago, M29, 578 
Open-hearth furnace, basic. See Basic Open- 
hearth Furnace. 
Open-hearth Operation from the Chemical View- 
point (Hurry) C29, 260 
Operating Principles of Inductive Geophysical 
Processes (T.P. 13834—Jaxosxy) -L29, 
138; Discussion, 177 
Orebodies: locating by geophysical methods, 
general survey of subject, L29, 9 
locating by torsion balance, Great Britain, 
L29, 531 
torsion balance surveys, zinc and lead, L29, 
; 561 
Ore Deposits of Magmatie Origin, M29, Nov. (20) 
(B.R.) 
Ore deposits: hypogene, relation of electrode 
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(T.P. 203) E29, 560. Abs., M29, 162 
Pennsylvania: Bradford field, core studies, 
G28-29, 221 
Lehigh Valley, corrosion of metals, E29, 
280. Abs., M29, 160 
Permian Basin: oil production in 1928, G28-29, 
405 


potash, government exploration, T29, 241 
salt occurrence, T29, 245 
stratigraphy and general structure, T29, 242 
~ Persia: petroleum production: 1912-28, G28-29, 
511 
1926-28, G28-29, 473 
during 1928, G28—29, 472 
petroleum under one management, G28-29, 


513 © 

Persia and Iraq (CapMan) 439; Discussion, 
G28-29, 513 

Peru, petroleum production: 1926-28, G28—29, 
473 


during 1928, G28-29, 472, 506 
Petrographic microscope used in research, M29, 
16 
Petroleum (see also Oil): conservation in re. fuel 
oil, G28—29, 559 
consumption, principal items, G28—29, 554 
cracking process, importance, G28—29, 544 
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price measurement, 1928, G28-29, 531 
production and consumption, M29, 211 
recovery, new method at Norman, M29, 26 
refining. See Refining. 
trend by months, 1918-24, G28-29, 534 
1925-28, G28-29, 532 
Petroleum and Coal: 
M29, 174 (B.R.) 
Petroleum and petroleum products industry, 
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Development and Production in the 
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(WINCHESTER AND JOHNSON) G28-29, 
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Development and Technology, 
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status in 1928, G28—-29, 574 
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G28-29, 574 
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in general, M29, 158 
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scope, G28—-29, 576 
Petroleum facts and fancies, M29, 519 
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gasoline, G28—29, 541 
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C29, 262 
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effect of high manganese on sulfur content, 
C29, 240 
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mental, C29, 195 
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open hearth, C29, 179 
silicates affect finished steel, C29, 195 
silicates in, C29, 185 
silicon content, C29, 186 
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Pintuine, N. B.: Discussions: on Corrosion of 
Metals in the Lehigh Valley, E29, 288 
on Resistance of Iron-nickel-chromium Alloys 
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Pipe lines: California, built in 1928, G28—29, 444 
flow under natural-flow and gas-lift produc- 
tion, G28-29, 362 
Gulf Coast, built during 1928, G28—29, 451 
high-pressure gas, design, G28-29, 598 
oil and gas, .electric welding, T.P. 251. 
Abs., M29, 485 
Russia, G28-29, 519 
welding, T.P. 251. Abs., M29, 485 
Placering in British Columbia, M29, 287 
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M29, 254 
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Platinum-copper alloys: age-hardening mecha- 
nism, E29, 399 
Platinum: magnetic susceptibility, L29, 327 
occurrence, L29, 328 
Priupmmr, A.: biography, M29, 213 
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196. Abs., M29, 163 
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Situation, M29, 525 
Discussion on Petroleum Development in 
Venezuela during 1928, G28-29, 
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Poland: petroleum production 1926-28, 
473 
Pouuak, R. R.: biography, M29,435 
Po.iusuxEin, E. P.: Discussion on Gamma-alpha 
Transformation in Pure Iron, C29, 
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Ponp, W. F.: Discussion on The Barite Industry 
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Poousz, W.: biography, M29, 435 
Popular Research Narratives, M29, Oct. (36) 
(B.R.) 
Porosity: in bronze castings, causes, E29, 479 
Potash: government exploration in Texas and 
New Mexico, T29, 241. Abs., M29, 
252 
New Mexico, mineralogy, M29, 197. 
search for, M29, 391 
Texas, mineralogy, M29, 197 
Potential methods of electrical surveying (See 
also Surface Potential Method): 
anticlinal and synclinal folds, concealed, 
study of, L29, 186 
application to geological studies, L29, 180 
applied to foundation problems, L29, 199 
comparison of several methods, L29, 27, 31 
cost, L29, 197 
electrical resistivities, value of map, L29- 
196 
equipotential curves, L29, 182 
fault, location, L29, 190 
fundamental principles, L29, 182, 200 
lignite, search for, Landes, France, summary 
of results, L29, 192 
oil exploration, L29, 192 
potential profile, L29, 183 
salt domes, location, L29, 192 , 
salt formation, Alsace, study of, L29, 192 
studies utilizing drill holes, L29, 196 
tilted strata under overburden, study of, 
L29, 184 
Potrerillos mine. See Andes Copper Mining Co. 
Portmr, P. J.: Recovery of Waste from Tin-base 
Babbitting Operation, T.P. 236. Abs., 
M29, 430 
Powsmr, H. H.: Relative Propulsive Efficiencies 
of Air and Natural Gas in Pressure 
Drive Operations (T.P. 148) G28-29, 
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Practical Application of Corrosion Tests: Resisi- 
ance of Nickel and Monel Metal to 
Corrosion by Milk (T.P. 192—McKay, 
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Discussion, 219 
Practical Railway Painting and Lacquering, M29, 
266 (B.R.) 
Precious metals (See also names of metals): 
alloys, age-hardening mechanism, 
E29, 399 
alloys, effect of heat treatment, E29, 406 
Pressure bomb, G28-29, 120 
Pressure control. See Back-pressure; Oil Wells. 
Pressure Control of Oil Wells (Griswo~D AND 
Wi.Lxkins) G28-29, 104 
Pressure drive operations (See also Air-gas Lift, 
etc.); air vs. gas as propulsive agent, 
G28-29, 313, 334 
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factors, T29, 67 
geologic factors, T29, 67, 84 
relation of smelting industry, T29, 86 
stages, T29, 88 
state ownership, effect, T29, 87, 97 
United States, status, T29, 92 
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World; also Salt Domes) 
conservation commission, Oklahoma, G28- 
29, 390 
control, M29, 81 
effect of shutting in offset wells, G28-29, 162 
function of gas, G28-29, 137 
investigation of oil-recovery problems, U. S. 
Bureau of Mines, G28-29, 334 
overproduction. See VBAsEy. 
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sources of expulsive pressure, G28—29, 359 
use and benefit of explosives, G28-29, 240 
water analysis applied in solution of problems, 
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G28-29, 78 
power, G28-29, 75 
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Risqueg, J. B.: biography, M29, 488 
River channels: distribution of magnetic anom- 
alies, L29, 370 
magnetic surveying, L29, 364 
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Ruum, H. D.: Search for Potash, M29, 391 
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Runyon, W. C.: biography, M29, 579 
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results, L29, 444, 448 . 
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444 
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seismic prospecting, Gulf Coast, L29, 477, 
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objectives, L29, 596 
Texas and Louisiana, L29, 616 
torsion balance results, L29, 448, 470 
Gulf Coast, L29, 444 
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electrical prospecting, L29, 232 
Sampling: fluids under pressure, G28-29, 120 
oil-field waters for analysis, G28-29, 219 
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29, 369 
Sand, molding. See Molding Sand. 
Sand pump, centrifugal, M29, 177 
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E29, 415, 437, 438, 439 
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Schweydar method: of mapping inclined layer 
by seismic method, L29, 639 
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applicability, L29, 589 
blastophones, L29, 603 
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fault mapping, L29, 612, 634 
fundamental factors, L29, 644 
mapping crooked drill holes, L29, 586 
mapping, horizontal layer, L29, 634 
mapping, inclined layer, L29, 637 
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wave type, L29, 575 
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cost, L29, 478, 479 
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methods, L29, 625, 641 
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reflection method, L29, 640 
salt domes: Gulf Coast, L29, 604 
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surveys, L29, 477 
Texas and Louisiana, L29, 616 
seismograms, travel-time curves, L29, 633 
Seismicrophones. See Seismographs. 
Seismograms, interpretation, L29, 631 
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Some Aspects of Corrosion-fatigue (T.P. 172— 
Futur) E29, 47; Discussion, 53 
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Venezuela, mining conditions, M29, 449 
petroleum production, M29, 157 
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Spring, L. W.: Discussion on Incipient Shrinkage 
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manganese. See Steel, Manganese. 
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dendritic structure, C29, 394 
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C29, 414 
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screens, M29, 106 
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«in slag, form, C29, 243, 271 
SAL reduction, C29, 246, 272 
ladle reactions, C29, 193, 253, 275 
; oxide content of heat in open hearth vs. 
sages? that in electric furnace, C29; 317 
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195 
slag action in ladle, C29, 193, 253, 275 
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